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which has a weight-average molecular weight of 1 ,000 
to 100,000, a calcium ion-capturabtlity of 300 
mgCaCOyg or higher calculated as calcium carbonate, 
and a clay-dispersibility of 1 .2 or higher. Another maleic 
acid-based copolymer is also provided which has a level 
of adsorption to clay within the range of 20 to 90 % and 
a calcium ion-stabilization degree constant of 4.0 or 
larger. These copolymers are obtainable by a process 
including the steps of: charging maleic acid and/or its 
salt (A) into a reaction vessel, in such a manner that the 
concentration of the (A) will be 35 % by weight or higher, 



adding hydrogen peroxide into the vessel after the 
charging step, in such a manner that the amount of hy- 
drogen peroxide is within the range of 3 to 20 % by 
weight of the (A); and adding a water-soluble ethyleni- 
cally unsaturated monomer (B) into the vessel after the 
charging step and within 30 to 500 minutes after initia- 
tion of a reaction, in such a manner that the ratio (A)/(B) 
is within the range of 95/5 to 5/95 in mol ratio, wherein 
the adding of the monomer (B) is completed 10 to 300 
minutes later than completion of the step of adding hy- 
drogen peroxide. The copolymers are used for deter- 
gent compositions, inorganic pigment-dispersing 
agents, water-treating agents and fiber-treating agents. 
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J Description 

TECHNICAL FIELD 

s The present invention relates to a maleic acid-based copolymer, a detergent composition containing the copolymer, 

a production process of the copolymer, and use of the copolymer obtainable by the production process. 

BACKGROUND ART 

10 A maleic acid-based copolymer having many carboxyl groups has so far been known to show superior chelating 

and dispersing effects, and is used in various fields with respect to detergent compositions, dispersing agents, cohering 
agents, scale inhibitors, chelating agents, fiber-treating agents, washing agents and the like. - 

Japanese Official Patent Gazette No. Heisei 3-2167 gives an example of use of a maleic acid-based copolymer 
as a pigment-dispersing agent, wherein the copolymer is produced by the steps of: charging a maleic acid component 

15 into a reaction vessel; beginning dropwise addition of acrylic acid and an aqueous hydrogen peroxide solution simul- 
taneously; finishing the dropwise addition of these materials simultaneously; and thereby copolymerizing maleic acid 
and acrylic acid at a pH of 3.5 to 5.0. However, the maleic acid-based copolymer obtainable by this process contains 
a large amount of low molecular weight oligomer components. In addition, although a large amount of hydrogen per- 
oxide is used for polymerization, a large amount of maleic acid remains in a reaction solution when the polymerization 

20 has finished. Moreover, hydrogen peroxide also remains in a large amount. 

Also, Japanese Official Patent Provisional Publication No. Showa 62-218407 gives an example of use of a maleic 
acid-based copolymer as a dispersing agent and as a detergent composition. It is hard to say that the detergent com- 
position described in this publication has washing power higher than conventional detergent compositions. The deter- 
gent composition described in the publication does not have desirable performance as a detergent in good balance. 

25 in the publication, a maleic acid-based copolymer is produced by the steps of: charging a maleic acid component into 
a reaction vessel; beginning dropwise addition of acrylic acid and an aqueous hydrogen peroxide solution simultane- 
ously; finishing the dropwise addition of these materials simultaneously; and thereby copolymerizing maleic acid and 
acrylic acid while maintaining pH at about 4 to about 6. The obtained maleic acid-based copolymer contains a large 
amount of low molecular weight impurities. In addition, although a large amount of hydrogen peroxide is used for 

30 polymerization, a large amount of maleic acid remains in a reaction solution when the polymerization has finished. 
Moreover, hydrogen peroxide also remains in a large amount. 

Furthermore, Japanese Official Patent Gazette No. Heisei 3-14046 shows that copolymers of ethylenically unsatu- 
rated mono- and dicarboxylic acids are used as outside film formation inhibitors for detergents and for washing agents. 
These copolymers are produced by the steps of: charging an ethylenically unsaturated dicarboxylic acid component 

35 into a reaction vessel; beginning dropwise addition of an ethylenically unsaturated monocarboxylic acid component 
and an aqueous hydrogen peroxide solution simultaneously; and finishing the dropwise addition of these materials 
simultaneously. However, the polymers obtained in this reaction are not copolymers which contain maleic acid at a 
high content and which have many carboxylic groups in their molecules. In addition, the polymers obtained contain a 
large amount of low molecular weight oligomers and deteriorate washability upon mud dirt when used as detergent 

40 compositions. 

The present inventors studied about what physical properties of maleic acid-based copolymers are important for 
enhancing the washing power of detergent compositions containing the maleic acid-based copolymers. As a result, 
the inventors found that it is important to enhance calcium ion-capturability and clay-dispersibility of the maleic acid- 
based copolymers, and also found that it is important, to high level washing for the removal of mud dirt, that the maleic 

45 acid-based copolymers have both of a calcium ion-stabilization degree constant and a level of adsorption to clay par- 
ticles within particular ranges. The inventors further found that since, when water having a high hardness is used, 
maleic acid-based copolymers having a high gelatability become insoluble and thereby greatly weaken their washing 
power, it is important to lower the gelatability of maleic acid-based copolymers. 

Maleic acid-based copolymers obtained under conventional reaction conditions contain hydrogen peroxide at a 

so high concentration and residual maleic acid in a large amount, and are insufficient with respect to the calcium ion- 
capturability, clay-dispersibility and gelatability (which are important to the enhancement of the washing power of de- 
tergent compositions). In addition, the calcium ion-stabilization degree constant, the level of adsorption today particles, 
and the gelatability are also unsatisfactory. 

55 
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^ DISCLOSURE OF THE INVENTION 

OBJECTS OF THE INVENTION 

s It is an object of the present invention to provide a maleic acid-based copolymer which has a high calcium ion- 

capturability, a good clay-dispersibility and a low gelatability. 

It is another object of the present invention to provide a detergent composition which has a high washing power 
and a well balanced washability upon both mud dirt and oil dirt. 

It is also another object of the present invention to provide a maleic acid-based copolymer which has a calcium 
w ion-stabilization degree constant within a preferable range, a good level of adsorption to clay, and a low gelatability. 

It is also another object of the present invention to provide a detergent composition which has a high washing 
power upon mud dirt. 

It is also another object of the present invention to provide a process for producing a maleic acid-based copolymer, 
wherein the amount of residual monomers and the amount of residual initiators are both small at the end of polymer- 
is ization and wherein the productivity is high. 

SUMMARY OF THE INVENTION 

As to a maleic acid-based copolymer of the present invention, its calcium ion-capturability and clay-dispersibility 
20 are defined. This copolymer has a weight-average molecular weight of 1,000 to 100,000, a calcium ion-capturability 
of 300 mgCaCOyg or higher calculated as calcium carbonate, and a clay-dispersibility of 1 .2 or higher. 

It is preferable that the weight-average molecular weight is within the range of 3,000 to 15,000, that the calcium 
ion-capturability is 350 mgCaCO^g or higher, and that the clay-dispersibility is 1.4 or higher. 

It is more preferable that the calcium ion-capturability is 400 mgCaCOj/g or higher and that the clay-dispersibility 
25 js 1 .4 or higher. 

It is the most preferable that the calcium ion-capturability is 450 mgCaCO^g or higher and that the clay-dispersibility 
is 1 .5 or higher. 

It is preferable that the gelatability of the maleic acid-based copolymer is 0.2 or lower. 
A detergent composition -of the present invention includes: 

30 

a maleic acid-based copolymer having a defined calcium ion-capturability and a defined clay-dispersibility, wherein 
the weight-average molecular weight is within the range of 1 ,000 to 100,000, wherein the calcium ion-capturability 
is 300 mgCaCXtyg or higher calculated as calcium carbonate, and wherein the clay-dispersibility is 1 .2 or higher; 
and 

35 a surfactant. 

It is preferable that the combined amount of the maleic acid-based copolymer is 0.1 to 20 % by weight of the total 
of the detergent composition, and that the combined amount of the surfactant is 5 to 70 % by weight of the total of the 
detergent composition. 

40 It is more preferable that the detergent composition the present invention includes: 

0.5 to 15 % by weight of the maleic acid-based copolymer having a weight-average molecular weight of 3,000 to 
1 5,000, a calcium ion-capturability of 350 nigCaCOyg or higher and a clay-dispersibility of 1 .4 or higher; and 
20 to 60 % by weight of the surfactant. 

45 

It is preferable that the gelatability of the maleic acid-based copolymer contained in the detergent composition of 
the present invention is 0.2 or lower. 

As to a maleic acid-based copolymer of the present invention, the calcium ion-stabilization degree constant is 
defined at 4.0 or larger, and the level of adsorption to clay is defined within the range of 20 to 90 %. 
50 As to this maleic acid-based copolymer, it is preferable that the weight-average molecular weight is within the 

range of 1 ,000 to 100,000, that the level of adsorption to clay is within the range of 30 to 70 %, and that the calcium 
ion-stabilization degree constant is within the range of 4.2 to 6.0. 

It is more preferable that the level of adsorption to clay is within the range of 40 to 60 %, and that the calcium ion- 
stabilization degree constant is within the range of 4.5 to 5.5. 
55 A detergent composition of the present invention includes: 

a maleic acid-based copolymer having a defined calcium ion-stabilization degree constant and a defined level of 
adsorption to clay, wherein the calcium ion-stabilization degree constant is 4.0 or larger, and wherein the level of 
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adsorption to clay is within the range of 20 to 90 %; and 
a surfactant. 

It is preferable that the combined amount of the maleic acid-based copolymer is 0.1 to 20 % by weight of the total 
of the detergent composition, and that the combined amount of the surfactant is 5 to 70 % by weight of the total of the 
detergent composition. 

It is more preferable that in the detergent composition of the present invention, the weight-average molecular 
weight of the maleic acid-based copolymer is within the range of 1 ,000 to 100,000, the level of adsorption of the co- 
polymer to clay is within the range of 30 to 70 %, and the calcium ion-stabilization degree constant of the copolymer 
is within the range of 4.2 to 6.0. 

It is more preferable that the detergent composition of the present invention includes: 

0.5 to 1 5 % by weight of the maleic acid-based copolymer, wherein the level of adsorption to clay is within the 
range of 40 to 60 %, and wherein the calcium ion-stabilization degree constant is within the range of 4.5 to 5.5; and 
is 20 to 60 % by weight of the surfactant. 

It is preferable that the gelatability of the maleic acid-based copolymer contained in the detergent composition of 
the present invention is 0.2 or lower. 

The process of the present invention for producing a maleic acid-based copolymer includes the steps of: 

charging a material (A) into a reaction vessel, in such a manner that the concentration of the material (A) will be 
35 % by weight or higher, wherein the material (A) is maleic acid and/or its salt; 

adding hydrogen peroxide into the reaction vessel after the above-mentioned charging step, in such a manner that 
the amount of hydrogen peroxide is within the range of 3 to 20 % by weight of the material (A); and 
adding a water-soluble ethylenically unsaturated monomer (B) into the reaction vessel after the above-mentioned 
charging step and within 30 to 500 minutes after initiation of a reaction, in such a manner that the ratio (Ay(B) is 
within the range of 95/5 to 5/95 in mol ratio, wherein the adding of the monomer (B) is completed 1 0 to 300 minutes 
later than completion of the above-mentioned step of adding hydrogen peroxide. 

In the step of adding hydrogen peroxide, it is preferable that hydrogen peroxide is added into the reaction vessel 
for 20 to 1 70 minutes. In the step of adding the monomer, it is preferable that the water-soluble ethylenically unsaturated 
monomer (B) is added into the reaction vessel for 30 to 180 minutes. 

It is more preferable that the production process of the present invention further includes a step of adding sodium 
persulfate into the reaction vessel after the above-mentioned charging step. 

It is the most preferable that the production process of the present invention further includes a step of charging a 
metal compound or a metal into the reaction vessel, in such a manner that the amount of polyvalent metal ions will be 
within the range of 0.1 to 100 ppm of the entire amount of a reaction liquid contained in the reaction vessel. 
A detergent composition of the present invention includes: 

40 a maleic acid-based copolymer being obtainable by the above-mentioned production process; and 

a surfactant. 

An inorganic pigment-dispersing agent of the present invention includes a maleic acid-based copolymer being 
obtainable by the above-mentioned production process. 
45 a water-treating agent of the present invention includes a maleic acid-based copolymer being obtainable by the 

above-mentioned production process. 

A fiber-treating agent of the present invention includes: 

a maleic acid-based copolymer being obtainable by the above-mentioned production process; and 
so at least one selected from the group consisting of dyeing agents, peroxides and surfactants. 

DETAILED DESCRIPTION OF THE INVENTION 

(Maleic acid-based copolymer): 

55 

Whether the maleic acid-based copolymer of the present invention is (1) one having a defined calcium ion-cap- 
turability and a defined clay-dispersibility, or (2) one having a defined level of adsorption to clay and a defined calcium 
ion-stabilization degree constant, the copolymer is not especially limited so long as it is a copolymer obtainable by a 
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polymerization reaction including maleic acid and/or its salt as a monomer component (hereinafter, the term "maleic 
acid and/or its salt" is abbreviated as "maleic acid (salt)"). As a monomer component other than the maleic acid (salt), 
preferred is a water-soluble ethylenically unsaturated monomer. 

As examples of the water-soluble ethylenically unsaturated monomer, there can be cited unsaturated monocar- 
5 boxy lie acids such as acrylic acid, methacrylic acid, a -hydroxyacrylic acid and crotonic acid and any salt thereof; 
unsaturated polycarboxylic acids such as fumaric acid, itaconic acid, citraconic acid and aconitic acid and any salt 
thereof; vinyl acetate; and the like. 

In addition, as an example of the water-soluble ethylenically unsaturated monomer, there can be cited a compound 
shown by the following general formula: 



Y-O-H5-H (i) 




where: 

20 

R 1 and R 2 , independently of each other, denote a hydrogen atom or a methyl group and are not simultaneously 
methyl groups; 

R3 denotes -CH 2 -, -(CH 2 ) 2 - or -C(CH 3 ) 2 -; 

the total number of carbon atoms contained in R 1 , R 2 and R 3 is 3; 
25 Y denotes an alkylene group having 2 to 3 carbon atoms; and 

n is 0 or an integer of 1 to 100. 



As examples of the compound of the formula (1), there can be cited hydroxyl group-containing unsaturated mon- 
omers such as 3-methyl-3-buten-1 -ol (isoprenol), 3-methyl-2-buten-1-ol (prenol), 2-methyl-3-buten-2-ol (isoprene al- 
so cohol) and monomers formed from additive reactions of 1 to 100 mol of ethylene oxide andfor propylene oxide to 1 
mol of those monomers. 

In addition, as another example of the water-soluble ethylenically unsaturated monomer, there can be cited a 
compound shown by the following general formula: 



35 



R 



1 



CH 9 = C (2) 
2 I 

40 C H 2 - O - C H 2 - C H - ( O C 2 H 4 ) a - ( 0 C 3 H 6 ) b - 0 H 

C H 2 - ( 0 C 2 H 4 ) d - ( 0 C 3 H 6 ) f - Z 



45 where: 

R 1 denotes a hydrogen atom or a methyl group; 

a, b, d and f, independently of each other, denote 0 or an integer of 1 to 100, wherein a+b+d+f is 0 to 100; 
the units -OC 2 H 4 - and -OC 3 H 6 - may be bonded with each other in any order; and 
50 Z denotes a hydroxyl group, a sulfonic acid group or a phosphorous or phosphoric acid group in the case where 

d+f is 0, alternatively Z denotes a hydroxyl group in the case where d+f is a positive integer of 1 to 100. 

As examples of the compound of the formula (2), there can be cited 3-ailyloxy-2-hydroxypropanesuIfonic acid and 
any salt thereof; (meth)allyl ether-based unsaturated monomers such as glycerol monoallyl ether and monomers 
55 formed from additive reactions of 1 to 100 mol of ethylene oxide and/or propylene oxide to 1 mol of glycerol monoallyl 
ether; sulfonic acid group-containing unsaturated monomers such as vinylsulfonic acid, allylsulfonic acid, methallyl- 
sulfonic acid, styrenesulfonic acid, 2-acrylamido-2-methylpropanesulfonic acid, sulfoethyl (meth)acrylate, sulfopropyl 
(meth)acrylate, 2-hydroxysulfopropyl (meth)acrylate and sulfoethylmaleimide and any salt thereof; terminal alkyl group- 
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containing ester-based unsaturated monomers such as (i) monoesters of alcohols with (meth)acrylic acid, crotonic 
acid and the like or (ii) monoesters, any salt thereof or diesters formed from reactions of alcohols with maleic acid, 
fumaric acid, itaconic acid, citraconic acid, aconitic acid and the like, wherein the alcohols are those formed from 
additive reactions of 0 to 100 mol of ethylene oxide and/or propylene oxide to alkyl alcohols having 1 to 20 carbon 

s atoms; ester-based unsaturated monomers such as (i) monoester-based monomers formed from additive reactions of 
1 to 100 mol of ethylene oxide and/or propylene oxide to 1 mol of unsaturated carboxylic acid monomers including 
(meth)acrylic acid, crotonic acid and the like, or (ii) monoesters, any salt thereof or diesters formed from additive 
reactions of 1 to 100 mol of ethylene oxide and/or propylene oxide to 1 mol of unsaturated carboxylic acid monomers 
including maleic acid, fumaric acid, itaconic acid, citraconic acid, aconitic acid and the like. The water-soluble ethylen- 

10 ically unsaturated monomer may be any mixture of at least two monomers selected from the group consisting of the 
above-mentioned monomers. The most preferable water-soluble ethylen ically unsaturated monomer is (meth)acrylic 
acid (salt). 

The maleic acid-based copolymer of the present invention is that obtainable by optional processes. Especially 
preferred is a maleic acid-based copolymer obtainable by the later-mentioned production process including copolym- 
erizing maleic acid (salt) and the above-mentioned water-soluble ethylenically unsaturated monomer in an aqueous 
medium using hydrogen peroxide as a water-soluble polymerization initiator. It is more preferable that the maleic acid- 
based copolymer of the present invention has a narrow molecular weight distribution of polymers and contains high 
molecular weight components into which a large amount of maleic acid is introduced. 

20 (Calcium ion-capturability and clay-dispersibility): 

The weight-average molecular weight of the maleic acid-based copolymer of the present invention is preferably 
within the range of 1,000 to 100,000. In view of improving calcium ion-capturability and clay-dispersibility, it is more 
preferably within the range of 2,000 to 50,000, still more preferably 3,000 to 30,000, and most preferably 3,000 to 
25 15,000. 

The calcium ion-capturability of the maleic acid-based copolymer of the present invention is defined as milligrams 
of calcium ions which are captured by 1 g of the copolymer and calculated as calcium carbonate, The calcium ion- 
capturability is an index which shows how many calcium ions are captured in water by the maleic acid-based copolymer. 
The surfactant is unsolubilized when it combines with calcium ions in water. However, if the maleic acid-based copol- 
30 ymer having a high calcium ion-capturability is used together with the surfactant, the unsolubilization of the surfactant 
is inhibited and the effects upon the improvement in washing power become high. 

The calcium ion-capturability is 300 mgCaCOyg or higher, preferably 350 mgCaCOyg or higher, more preferably 
400 mgCaCOyg or higher, still more preferably 450 mgCaCOyg or higher; which is a value calculated as calcium 
carbonate captured by 1 g of the copolymer. The higher the calcium ion-capturability of the maleic acid-based copolymer 
35 is, the higher the abilities as a detergent builder of the copolymer are. 

The clay-dispersibility of the maleic acid-based copolymer of the present invention is defined as the absorbancy 
measured under the following conditions. 

Conditions for measuring clay-dispersibility: 

40 

Vessel: 100 cc measuring cylinder 

Polymer solution: 1 cc of a 0.5 % (calculated as a solid content) aqueous polymer solution + 1 00 g of supply water 
of Himeji-city, Japan 
Clay: 1 .0 g of Amazon clay 
45 Stirring period: 10 minutes (using a magnetic stirrer) 

Stationary standing period: 18 hours 

Measurement method: 10 cc of an uppermost portion of the solution in the measuring cylinder is sampled, its 
absorbancy (ABS) for 380 nm ultraviolet rays (UV) is measured using a 1 cm cell, and the obtained numerical 
value is taken as the clay-dispersibility. 

so 

The clay-dispersibility is an index which shows a degree of effect upon the removal and uniform dispersion of mud 
dirt and the like to inhibit precipitates of clay during washing. To sufficiently obtain such an effect, it is necessary that 
the clay-dispersibility is 1 .2 or higher. In addition, to inhibit settlement and attachment of mud dirt, the clay-dispersibility 
is preferably 1.4 or higher, more preferably 1.5 or higher. 
55 The clay-dispersibility is a numerical value for evaluating a degree of dispersion of clay in the presence of the 

polymer by turbidity of a supernatant when a suspension in which clay is dispersed is allowed to stand stationary for 
a defined period. Larger numerals show higher dispersibility as follows: 
1 .5 or higher the clay-dispersibility is very good. 



6 



EP 0 874 008 A2 



10 



20 



1.4 to 1.5, but excluding 1.5: the clay-dispersibility is particularly good. 
1.2 to 1.4, but excluding 1.4: the clay-dispersibility is good. 
0.5 to 1 .2, but excluding 1 .2: the clay-dispersibility is poor. 
Lower than 0.5: the clay-dispersibility is very poor. 

The calcium ion-capturability and clay-dispersibility of the maleic acid-based copolymer of the present invention 
need to satisfy the below-mentioned condition®. It is preferable, that the detergent composition containing the maleic 
acid-based copolymer has an ability to balance an effect upon the dispersion of mud dirt with an effect upon the removal 
of oil dirt by inhibiting unsolubilization of a surfactant, contained in the detergent composition, by capturing calcium 
ions. Accordingly, the following conditions©,©,®,©, ©,@,@and@become more and more preferable in this order. 



Q)The calcium ion-capturability is 300 mgCaCOyg or higher, and the clay-dispersibility 
©The calcium ion-capturability is 350 mgCaCOyg or higher, and the clay-dispersibility 
©The calcium ion-capturability is 400 mgCaCOyg or higher, and the clay-dispersibility 
©The calcium ion-capturability is 450 mgCaCOyg or higher, and the clay-dispersibility 
©The calcium ion-capturability is 350 mgCaCOyg or higher, and the clay-dispersibility 
©The calcium ion-capturability is 400 mgCaCOyg or higher, and the clay-dispersibility 
©The calcium ion-capturability is 450 mgCaCO^g or higher, and the clay-dispersibility 
©The calcium ion-capturability is 400 mgCaCOyg or higher, and the clay-dispersibility 
©The calcium ion-capturability is 450 mgCaCOyg or higher, and the clay-dispersibility 



is 1 .2 or higher, 
is 1 .2 or higher, 
is 1 .2 or higher, 
is 1 .2 or higher, 
is 1 .4 or higher, 
is 1 .4 or higher, 
is 1 .4 or higher, 
is 1 .5 or higher, 
is 1 .5 or higher. 



The gelatability of the maleic acid-based copolymer of the present invention is defined as the absorbancy measured 
under the following conditions. 



Conditions for measuring gelatability: 

25 

Vessel: 500 cc tall beaker 

Polymer: 40 ppm (calculated as a solid content) based on the test solution 
Test solution: 400 g of a 400 ppm CaC^ solution 
Temperature: 50 °C 
30 P H: 8 

Stationary standing period: 1 hour 

Measurement method: the solution is stirred for 5 minutes using a stirrer, a portion of the solution is sampled, and 
its absorbancy (ABS) for 380 nm ultraviolet rays is measured using a 50 mm cell. 

35 Generally, polymers having a high gelatability are easily unsolubilized in a washing liquid and, particularly when 

water having a high hardness is used, washing power greatly decreases. To maintain a high washing power of the 
maleic acid-based copolymer contained in the detergent composition, a lower gelatability is preferable and the gelat- 
ability is preferably 0.2 or lower. 

The gelatability is a numerical value for evaluating the ease of precipitation of polymers in the presence of calcium 
40 ions, and is a degree of white turbidity as measured by an absorbancy for ultraviolet rays when polymers are heated 
in the presence of calcium ions. Larger numerical values of the gelatability show greater turbidity of a polymer solution 
and show a larger amount of polymer is precipitated in the presence of calcium tons. 

The index of the gelatability is shown below. The smaller the below-mentioned numerical value is, the higher the 
abilities of a polymer as a detergent builder is. 
45 0.1 or smaller the polymer is very hard to gelate. 

0.1 to 0.2, but excluding 0.1 : the polymer is hard to gelate. 
0.2 to 0.4, but excluding 0.2: the polymer is easy to gelate. 
Larger than 0.4: the polymer is very easy to gelate. 

The detergent composition of the present invention includes the maleic acid-based copolymer and the later-men- 
so tioned surfactant. In the detergent composition, the combined amount of the maleic acid-based copolymer is preferably 
within the range of 0.1 to 20 % by weight, more preferably within the range of 0.5 to 15 % by weight, and the combined 
amount of the surfactant is preferably within the range of 5 to 70 % by weight, more preferably within the range of 20 
to 60 % by weight. 

Not only the surfactant, but also an enzyme, if necessary, may be added into the detergent composition containing 
55 the maleic acid -based copolymer of the present invention. 

As the surfactant, there can preferably be used at least one selected from the group consisting of anionic sur- 
factants, nonionic surfactants, ampholytic surfactants and cationic surfactants. 

As examples of the anionic surfactants, there can be cited alkylbenzenesulfonic acid salts, alkyl or alkenyl ether 
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sulfuric acid salts, alkyl or alkenyl sulfuric acid salts, a -olefinsulfonic acid salts, a -sulfofatty acid or any ester salt 
thereof, alkanesulfonic acid salts, saturated or unsaturated fatty acid salts, alkyl or alkenyl ether carboxylic acid salts, 
amino acid type surfactants, N-acylamino acid type surfactants, and alkyl or alkenyl phosphoric acid esters or any salt 
thereof. 

s As examples of the nonionic surfactants, there can be cited polyoxyalkylene alkyl ethers, polyoxyalkylene alkenyl 

ethers, polyoxyethylene alkyl phenyl ethers, higher fatty acid alkanolamide or any alkylene oxide adduct thereof, su- 
crose fatty acid esters, alkylglycoxides, fatty acid glycerol monoesters, and a Iky (amine oxides. 

As examples of the ampholytic surfactants, there can be cited carboxy type or sulfobetaine type ampholytic sur- 
factants, and examples of the cationic surfactants, there can be cited quaternary ammonium salts. 

10 Protease, lipase, cellulase and the like can be used as the enzymes which may be added into the detergent 

composition containing the maleic acid-based copolymer of the present invention. Particularly preferred are protease, 
alkaline lipase, and alkaline cellulase, all of which are highly active in alkaline washing liquids. The combined amount 
of the enzymes is preferably within the range of 0.01 to 5 % by weight. If the combined amount deviates from this 
range, the balance with the surfactants is lost and the washing power cannot be enhanced. 

is Into the detergent composition containing the maleic acid-based copolymer of the present invention, there may, if 

necessary, be added conventional components such as alkaline builders, chelate builders, re-attachment inhibitors, 
fluorescent agents, bleachers and perfumes, all of which are usually used for detergent compositions. In addition, 
zeolite may also be added. As the alkaline builders, there can be used silicic acid salts, carbonic acid salts, sulfuric 
acid salts and the like. As the chelate builders, there can be used diglycolic acid, oxycarboxylic acid salts, EDTA 

20 (ethylenediaminetetraacetic acid), DTPA (diethylenetriaminehexaacetic acid), citric acid and the like, if necessary. 

The detergent composition containing the maleic acid-based copolymer of the present invention is preferably used 
as a detergent for clothes. Particularly, this composition having a defined calcium ion-capturability and a low gelatability 
is very effective for inhibiting the yellowing due to a slight amount of metal, such as iron ions and zinc ions, existing in 
washing liquids. 

25 The detergent composition containing the maleic acid-based copolymer of the present invention is well balanced 

between® an effect upon the dispersion of mud dirt and ©an effect upon the removal of oil dirt by inhibiting the 
unsolubilization of the surfactant by capturing calcium ions in the detergent composition. Thus, the composition of the 
present invention is a detergent composition which displays high performance. 

30 (Calcium ion-stabilization degree constant and level of adsorption to clay): 

The weight-average molecular weight of the maleic acid-based copolymer of the present invention is preferably 
within the range of 1 ,000 to 100,000. In view of improving the calcium ion-stabilization degree constant and the ability 
to be adsorbed to clay, the weight-average molecular weight is more preferably within the range of 2,000 to 50,000, 
35 still more preferably 3,000 to 30,000, and most preferably 5,000 to 15,000. 

The calcium ion -stabilization degree constant of the maleic acid-based copolymer of the present invention shows 
a degree to which the copolymer chelates calcium ions in water. Higher calcium ion-stabilization degree constants of 
the copolymer show that the copolymer more strongly chelates calcium ions, more strongly removes calcium ions 
existing in mud, and has a higher ability to detach mud dirt from fibers. Since calcium ions (cations) existing in clay 
40 particles bond with negatively electrically charged fibers by static electrical interactions, the calcium ions make it difficult 
to detach mud dirt from fibers. However, the maleic acid-based copolymer removes such calcium ions and thereby 
detaches mud dirt from fibers. 

The calcium ion-stabilization degree constant of the maleic acid-based copolymer of the present invention is de- 
fined as the numerical value (Log K) obtained by substituting in the formula 1 a numerical value obtained under the 
45 following measurement conditions. 

(1) Calcium ion solutions having concentrations of 0.002 mol/L, 0.003 mol/L and 0.004 mol/L respectively are 
prepared (using CaCy and 50 g of each solution is charged into a 100 cc beaker; 

(2) 50 mg (calculated as a solid content) of a maleic acid-based copolymer is added; 
so (3) the pH is adjusted to 1 0; 

(4) 0.15 g of NaCI is added as a stabilizer for a calcium ion electrode; and 

(5) the concentration of free calcium ions is measured using the calcium ion electrode. 

When the concentration of free calcium ions is denoted by [Ca], the concentration of fixed calcium ions by [CaS], 
55 free chelate sites by [S], the number of chelate sites by [SO], and the stabilization degree constant by Log K; then [Ca] 
[S]/[CaS]=1/K and [S]^[S0]-[CaS]. Accordingly, [Ca]/[CaS]=1/[S0] • [Ca]+1/[S0] - K. [Ca]/[CaS] is plotted on the vertical 
axis and [Ca] is p totted on the horizontal axis to determine [SO], K and Log K from the slope and intercept. 

The calcium ion-stabilization degree constant of the maleic acid-based copolymer of the present invention is 4.0 
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or larger and preferably within the range of 4.2 to 6.0 in view of washability with respect to mud dirt. The most preferable 
constant to further enhance washability is within the range of 4.5 to 5.5. In the case where not only the maleic acid- 
based copolymer but also the enzymes are added into a detergent composition, if the calcium ion-stabilization degree 
constant of the copolymer is too large, metal ions contained in the enzymes may be eliminated, whereby the washing 
s power of the enzymes may be weakened. 

The level in which the maleic acid-based copolymer of the present invention is adsorbed to clay particles is defined 
as the numerical value calculated from a value measured by the below-mentioned measurement method. 

Conditions for measuring the level of adsorption to clay particles: 

Vessel: 100 cc measuring cylinder 

Polymer solution: 1 cc of a 0.5 % (calculated as a solid content) aqueous polymer solution + 100 g of supply water 
of Himeji-city, Japan 
Clay: 1 .0 g of Amazon clay 
is Stirring period: 10 minutes (using a magnetic stirrer) 

Stationary standing period: 18 hours 

Measurement method: 10 cc of an uppermost portion of the solution in the measuring cylinder is sampled, the 
supernatant is filtrated, and the level of adsorption is measured using the forementioned gel permeation chroma- 
tography. 

20 

The above-mentioned measurement is repeated under the above-mentioned measurement conditions except that 
no clay was used, whereby the level of adsorption to clay particles is calculated according to the following formula. 

2S Level of adsorption to clay particles = (polymer peak area in the case where clay was added)/(po!ymer peak area in 

a clay-free system) X 100 (%) 

The level of adsorption to clay particles shows a degree of an ability to be adsorbed to clay particles. The maleic 
30 acid-based copolymer adsorbs mud dirt during washing, whereby clay particles are negatively electrically charged. 
Since fibers have negative electric charge, mud is eliminated from the fibers by the static electrical repulsion, whereby 
clay is detached from the fibers. However, if the copolymer excessively adsorbs mud dirt, re-attachment of mud dirt 
occurs, whereby the washing power is weakened. Accordingly, as shown below, the copolymer displaying a level of 
adsorption to clay within the optimal range is optimal for washing mud dirt. 
35 When the level is within the range of 40 to 60 %, it is very optimal. 

When the level is within the range of 30 to 70 %, it is optimal. 
When the level is within the range of 20 to 90 %, it is suitable. 

When the level is within the range of 90 to 95 % or within the range of 10 to 20 %, but excluding 90 % and 20 %, 
it is unsuitable. 

40 When the level is higher than 95 % or lower than 10 %, it is very unsuitable. 

The gelatability of the maleic acid-based copolymer of the present invention is also defined as the absorbancy 
measured under the aforementioned measurement conditions. 

Generally, polymers having a high gelatability are easily unsolubilized in a washing liquid and, particularly when 
water having a high hardness is used, washing power greatly decreases. To maintain a high washing power of the 
45 maleic acid-based copolymer contained in the detergent composition, a lower gelatability is preferable and the gelat- 
ability is preferably 0.2 or lower. 

The gelatability is a numerical value for evaluating the ease of precipitation of polymers in the presence of calcium 
ions, and is a degree of white turbidity as measured by an absorbancy for ultraviolet rays when polymers are heated 
in the presence of calcium ions. Larger numerical values of the gelatability show greater turbidity of a polymer solution 
so and show a larger amount of polymer is precipitated in the presence of calcium ions. 

The index of the gelatability is shown below. The smaller the below-mentioned numerical value is, the higher the 
abilities of a polymer as a detergent builder are. 

0.1 or smaller the polymer is very hard to gelate. 
0.1 to 0.2, but excluding 0.1 : the polymer is hard to gelate. 
55 0.2 to 0.4, but excluding 0.2: the polymer is easy to gelate. 

Larger than 0.4: the polymer is very easy to gelate. 

The detergent composition of the present invention includes the maleic acid-based copolymer and the aforemen- 
tioned surfactant. In the detergent composition, the combined amount of the maleic acid-based copolymer is preferably 
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within the range of 0.1 to 20 % by weight, more preferably within the range of 0.5 to 15 % by weight, and the combined 
amount of the surfactant is preferably within the range of 5 to 70 % by weight, more preferably within the range of 20 
to 60 % by weight. 

Not only the surfactant, but also the aforementioned enzyme, if necessary, may be added into the detergent com- 
s position containing the maleic acid-based copolymer of the present invention. 

Into the detergent composition containing the maleic acid-based copolymer of the present invention, there may, if 
necessary, be added conventional components such as alkaline builders, chelate builders, re-attachment inhibitors, 
fluorescent agents, bleachers and perfumes; all of which are usually used for detergent compositions. In addition, 
zeolite may also be added. As the alkaline builders, there can be used silicic acid salts, carbonic acid salts, sulfuric 
10 acid salts and the like. As the chelate builders, there can be used d i glycol ic acid, oxycarboxylic acid salts, EDTA 
(ethylenediaminetetraacetic acid), DTPA (diethylenetriaminehexaacetic acid), citric acid and the like, if necessary. 

Since the detergent composition containing the maleic acid-based copolymer of the present invention has a defined 
calcium ion-stabilization degree constant and a defined level of adsorption to clay, this composition can break bonds 
between mud dirt and fibers, detach the mud dirt from the fibers, and inhibit re-attachment of the mud dirt to the fibers. 

75 

(Production process of maleic acid-based copolymer): 

The process of the present invention for producing a maleic acid-based copolymer includes the steps of: 

20 charging a material (A) into a reaction vessel, in such a manner that the concentration of the material (A) will be 

35 % by weight or higher, wherein the material (A) is maleic acid and/or its salt; 

adding hydrogen peroxide into the reaction vessel after the above-mentioned charging step, in such a manner that 
the amount of hydrogen peroxide is within the range of 3 to 20 % by weight of the material (A); and 
adding a water-soluble ethylenically unsaturated monomer (B) into the reaction vessel after the above-mentioned 
25 charging step and within 30 to 500 minutes after initiation of a reaction, in such a manner that the ratio (Ay(B) is 

within the range of 95/5 to 5/95 in mol ratio, wherein the adding of the monomer (B) is completed 10 to 300 minutes 
later than completion of the above-mentioned step of adding hydrogen peroxide. 

Maleic acid (salt) used for producing a maleic acid-based copolymer may be any type selected from maleic acid, 

30 monoalkali metal maleate and dialkali metal maleate, and also may be any mixture of at least two of them. In addition, 
maleic acid may be that obtained by hydrolyzing maleic anhydride in the reaction vessel. The monoalkali metal maleate 
and the dialkali metal maleate may be those obtained by reacting maleic acid and/or maleic anhydride with an alkali 
metal, an alkali metal hydroxide or the like in the reaction vessel. 

The concentration of the maleic acid (salt) at initiation of polymerization is preferably 35 % by weight or higher in 

35 order to improve polymerizability and to thereby improve the calcium ion-capturability and calcium ion -stabilization 
degree constant of the maleic acid-based copolymer. In addition, the concentration of the maleic acid (salt) at initiation 
of polymerization is more preferably 45 % by weight or higher, and still more preferably 60 % by weight or higher. 

The used mol ratio of the maleic acid (salt) to the water-soluble ethylenically unsaturated monomer (maleic acid 
(salt) / water-soluble ethylenically unsaturated monomer) is preferably within the range of 95/5 to 5/95, more preferably 

40 90/1 0 to 20/80 and most preferably 70/30 to 40/60 in order to improve the calcium ion-capturability and clay-dispersibility 
of the maleic acid-based copolymer obtainable by the production process of the present invention, and to thereby 
optimize the calcium ion -stabilization degree constant and level of adsorption to clay of the copolymer. If the used ratio 
deviates from the range of 95/5 to 5/95, the resulting maleic acid-based copolymer may be inferior with respect to the 
calcium ion-capturability and clay-dispersibility, and the calcium ion-stabilization degree constant and level of adsorp- 

45 tion to clay of the copolymer may decrease. 

It is preferable that 70 % by weight or more of the total used amount of the maleic acid (salt) is charged into the 
reaction vessel before the reaction. The more preferable ratio of a portion of the maleic acid (salt), charged into the 
reaction vessel before initiation of the reaction, to the total used amount of the maleic acid (salt) is 90 % by weight or 
larger, most preferably 1 00 % by weight, in order to lower the amount of the maleic acid (salt) remaining after completion 

50 of polymerization, to improve the calcium ion-capturability of the resulting polymer, and to set its calcium ion-stabilization 
degree constant within the preferable range. If a portion smaller than 70 % by weight of the total used amount of the 
maleic acid (salt) is charged into the reaction vessel before initiation of the reaction, the amount of the residual maleic 
acid (salt) may increase after polymerization. 

The water-soluble ethylenically unsaturated monomer is not especially limited so long as it is an ethylenically 

55 unsaturated monomer having water-solubility, and the previously exemplified ones are preferable. It is more preferable 
that the solubility of the water-soluble ethylenically unsaturated monomer is 5 g or higher per 100 g of 100°C water. 

It is preferable that 70 % by weight or more of the total used amount of the water-soluble ethylenically unsaturated 
monomer is added into the reaction vessel after charging the maleic acid (salt) and within 30 to 500 minutes after 
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initiation of the reaction. The balance, smaller than 30 % by weight, may be added into the reaction vessel before 
polymerization. In addition, it is preferable that no water-soluble ethylenically unsaturated monomer is added into the 
reaction vessel before polymerization, and that the total used amount of the water-soluble ethylenically unsaturated 
monomer is added into the reaction vessel within 30 to 500 minutes after initiation of the reaction. If 30 % by weight 

5 or more of the total used amount of the water-soluble ethylenically unsaturated monomer is added into the reaction 
vessel before polymerization, the resulting maleic acid-based copolymer has a broad molecular weight distribution and 
is also a block polymer and heterogeneous polymer. Because of this, the clay-dispersibility may decrease and therefore 
the level of adsorption to clay particles may decrease. 

When the maleic acid-based copolymer is produced, hydrogen peroxide is used as a water-soluble polymerization 

10 initiator. Hydrogen peroxide is added into the reaction vessel after charging the maleic acid (salt). The used amount 
of hydrogen peroxide is preferably within the range of 3 to 20 % by weight of the maleic acid (salt) (A). It is un preferable 
that the used amount of hydrogen peroxide is smaller than 3 % by weight, because the amount of residual maleic acid 
increases, because the molecular weight of the resulting polymer becomes too high, and because the clay-dispersibility 
and the level of adsorption to clay particles decrease. In view of improving the clay-dispersibility and optimizing the 

is level of adsorption to clay particles, it is more preferable that the used amount of hydrogen peroxide is larger than 5 
% by weight. On the other hand, if the used amount of hydrogen peroxide is larger than 20 % by weight, the amount 
of residual hydrogen peroxide will be too large at the completion of polymerization. 

In view of: simplifying production facilities; reducing costs; and diminishing the amount of residual hydrogen per- 
oxide at the completion of polymerization; it is preferable that the addition of hydrogen peroxide is completed 10 to 

20 300 minutes earlier than the addition of the water-soluble ethylenically unsaturated monomer is completed, and that 
the addition of the water-soluble ethylenically unsaturated monomer is completed 10 to 300 minutes later than the 
addition of hydrogen peroxide is completed. 

To further diminish the amount of residual hydrogen peroxide in the reaction liquid, the following methodQor© 
of adding hydrogen peroxide may, for example, be carried out. 

25 

Q)The rate at which hydrogen peroxide is added is decreased gradually with time. For example, the rate is de- 
creased linearly in such a manner that the rate just before completion of the addition is 0.5 times or less, preferably 
0.1 time or less, of the rate in the initial stage of the addition. 

©In the initial stage of the polymerization (in the initial period of two-thirds the entire polymerization time), 70 to 
30 99 % of the entire amount of hydrogen peroxide is added; and in the post^stage of the polymerization (in the 

residual one-third-period), the residual hydrogen peroxide is added. 

The above-mentioned production conditions can reduce the concentration of hydrogen peroxide, which remains 
after completion of the polymerization, to 2 % by weight or lower, more preferably 1 % by weight or lower, still more 

35 preferably 0.5 % by weight or lower, of the entire amount of the reaction liquid. In addition, the production conditions 
can reduce the amount of maleic acid, which remains after completion of the polymerization, to 3 % by weight or smaller, 
more preferably 1 % by weight or smaller, of the entire amount of the reaction liquid. If the amount of residual maleic 
acid is larger than 3% by weight, there is a possibility that a problem may occur that crystals of maleic acid are deposited 
in places where it is cold in winter. 

40 it is preferable to add the water-soluble ethylenically unsaturated monomer in a short time, because this provides 

the obtained maleic acid-based copolymer with the following good properties: the molecular weight distribution is nar- 
row; the clay-dispersibility is improved; the level of adsorption to clay particles is optimized; and the gelatability is low 
To add the water-soluble ethylenically unsaturated monomer in a short time is also preferable for enhancing the pro- 
ductivity. It is more preferable that the period over which the water-soluble ethylenically unsaturated monomer is added 

45 is 30 to 180 minutes. This provides good results whereby the resulting maleic acid-based copolymer has an improved 
clay-dispersibility and an optimized level of adsorption to clay particles. However, if the period is shorter than 30 minutes, 
the amount of maleic acid, which remains after completion of the polymerization, may increase, or heat removal may 
be difficult because a large amount of reaction heat may be generated in a short time. 

In addition, it is preferable that the period over which hydrogen peroxide is added is 20 to 170 minutes. This also 

so provides good results whereby the resulting maleic acid-based copolymer has an improved clay-dispersibility and an 
optimized level of adsorption to clay particles. 

As examples of the water-soluble polymerization initiators further used in the production process of the present 
invention, there can be cited persutfuric acid salts such as ammonium persulfate, sodium persulfate and potassium 
persulfate; 2,2'-azobis(2-amidinopropane) hydrochloride; azo compounds such as 4,4'-azobis-4-cyanovaleric acid, 

ss azobisisobutyronitrile and 2 ) 2 , -azobis(4-methoxy-2,4-dimethylvaleronitrile); organic peroxides such as benzoyl perox- 
ide, lauroyl peroxide, peracetic acid, persuccinic acid, di-tertiary-butyl peroxide, di-tertiary-butyl hydroperoxide and 
cumene hydroperoxide. There may also be used any mixture of at least two selected from the group consisting of these 
compounds. Particularly preferred are the persutfuric acid salts such as ammonium persulfate, sodium persulfate and 
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potassium persuffate. These provides good results whereby the resulting maleic acid-based copolymer has an im- 
proved calcium ion-capturability, an optimized calcium ion-stabilization degree constant and an improved level of ad- 
sorption to clay particles. In addition, the above-mentioned water-soluble polymerization initiators are added into the 
reaction vessel after the maleic acid (salt) is charged into the reaction vessel. 
s The pH value during the polymerization reaction can be selected optionally. The pM may be adjusted during the 

polymerization. As examples of basic compounds for neutralization used for adjusting the pH during the polymerization, 
there can be cited hydroxides and carbonates of alkali metals such as sodium, potassium and lithium; ammonia; 
alkylamines such as monomethylamine, diethylamine, trimethylamine, monoethytamine, dimethylamine and triethyl- 
amine; alkanolamines such as monoethanolamine, diethanolamine, triethanolamine, isopropanolamine and second- 
ly ary-butanolamine; and pyridine. There may also be used any mixture of at least two selected from the group consisting 
of these compounds. It is preferable to carry out the polymerization in such a manner that the pH is 2 or less at initiation 
of the polymerization, that the pH is elevated with progress of the polymerization, and that the neutralization degree 
is maintained at less than 20 % during the polymerization. The polymerization like this is particularly effective for im- 
proving the clay-dispersibility and for optimizing the level of adsorption to clay particles. If the neutralization degree is 
15 20 % or more during the polymerization, a problem occurs, in that the molecular weight distribution of the resulting 
copolymer becomes broad. 

In addition, polymerization in the presence of polyvalent metal ions is preferable, because such polymerization 
can 1) reduce the amount of maleic acid which remains in the reaction liquid after completion of the polymerization; 
2) narrow the molecular weight distribution of the resulting maleic acid-based copolymer; and 3) improve the clay- 

20 dispersibility of the copolymer. As usable effective polyvalent metal ions, there can be cited iron ions, vanadium atom- 
containing ions, and copper ions. Of the polyvalent metal ions, preferred are Fe 3 *, Fe 2+ , Cu + , Cu 2+ , V 2 "*-, V 3-1 - and VO 2 *, 
and more preferred are Fe 3 * Cu 2 * and VO 2 * These polyvalent metal ions may be used in combinations with each other. 

The concentration of the polyvalent metal ions is preferably 0.1 to 100 ppm of the entire amount of the reaction 
liquid. If the concentration is lower than 0.1 ppm, few effects are obtained. If the concentration is higher than 100 ppm, 

25 the resulting maleic acid-based copolymer is highly colored and it may be impossible to use the copolymer as a com- 
ponent of a detergent composition. 

The form in which the polyvalent metal ions are supplied is not especially limited, and any metal compound and 
any metal can be used so long as it becomes ionized in a polymerization reaction system. As examples of such metal 
compounds and metals, there can be cited water-soluble metal salts such as vanadium oxytrich bride, vanadium trichlo- 

30 ride, vanadium oxalate, vanadium sulfate, vanadic anhydride, ammonium metavanadate, ammonium hypo-vanadious 
[(NH 4 ) 2 S0 4 ■ VS0 4 • 6H 2 0], ammonium vanadious [(NH 4 )V(S0 4 ) 2 • 12H 2 0], copper(ll) acetate, copper(ll) bromide, 
copper(ll) acetylacetate, cupric chloride, ammonium cuprous chloride, copper carbonate, copper(ll) chloride, copper 
(II) citrate, copper(ll) formate, copper(ll) hydroxide, copper nitrate, copper naphthenate, copper(ll) oleate, copper 
maleate, copper phosphate, copper(ll) sulfate, cuprous chloride, copper(l) cyanide, copper iodide, copper(l) oxide, 

35 copper thiocyanate, iron acetylacetonate, ammonium iron citrate, ammonium ferric oxalate, ammonium ferrous sulfate, 
ammonium ferric sulfate, iron citrate, iron fumarate, iron maleate, ferrous lactate, ferric nitrate, iron pentacarbonyl, 
ferric phosphate and ferric pyrophosphate; metal oxides such as vanadium pentaoxide, copper(ll) oxide, ferrous oxide 
and ferric oxide; metal sulfides such as copper(ll) sulfide and iron sulfide; and copper powder and iron powder. 

The above-mentioned metal compounds and metals may be charged into the reaction vessel at any time before 

40 completion of the reaction, and is preferably charged there before initiation of the reaction. 

(Use of maleic acid-based copolymer): 

It is preferable that the detergent composition containing the previously particularly mentioned maleic acid-based 
45 copolymer contains a maleic acid-based copolymer being obtainable by the aforementioned production process. 

The inorganic pigment-dispersing agent of the present invention includes a maleic acid-based copolymer being 
obtainable by the production process of the present invention, and displays good performance as a dispersing agent 
for inorganic pigments such as heavy or light calcium carbonate and clay which are used for paper coating. The inor- 
ganic pigment-dispersing agent of the present invention may include only the maleic acid-based copolymer of the 
50 present invention, or may further include other components such as polymerized phosphoric acid and any salt thereof, 
phosphonic acid and any salt thereof, and polyvinyl alcohol. If a small amount of the inorganic pigment-dispersing 
agent of the present invention is added to an inorganic pigment instead of conventional inorganic pigment-dispersing 
agents and dispersed into water; then highly concentrated inorganic pigment slurries, such as highly concentrated 
calcium carbonate, can be produced which have a low viscosity, a high fluidity, and a good stability of these properties 
55 over a period of time. The used amount of the inorganic pigment-dispersing agent of the present invention is preferably 
within the range of 0.05 to 2.0 parts by weight per 100 parts by weight of the inorganic pigments. 

The water-treating agent of the present invention includes a maleic acid-based copolymer being obtainable by the 
production process of the present invention, and is useful for inhibiting formation of scale in systems such as cooling 
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water-circulating systems, boiler water-circulating systems, seawater desalination plants, pulp digestors and black 
liquor evaporators. The maleic acid-based copolymer may be used alone as the water-treating agent, or may be com- 
bined with polymerized phosphoric acid satts 1 phosphonic acid salts, anticorrosive agents, slime controlling agents, 
chelating agents, and the like, to use the resulting composition as the water-treating agent. 

5 The fiber-treating agent of the present invention includes the maleic acid-based copolymer of the present invention 

and at least one selected from the group consisting of dyeing agents, peroxides and surfactants, and can be used in 
fiber-treating processes such as scouring, dyeing, bleaching and soaping. As the dyeing agents, peroxides and sur- 
factants, there can be cited those which are conventionally used for fiber-treating agents. The ratio of (i) the maleic 
acid-based copolymer to (ii) at least one selected from the group consisting of dyeing agents, peroxides and surfactants 

10 js, for example, in order to improve the degree of whiteness, color evenness and degree of dyed colorfastness of fibers, 
as follows: 0.1 to 100 parts by weight of the (ii) per 1 part by weight of the (i). The fibers for which the fiber-treating 
agent of the present invention can be used are not especially limited. However, their examples are cellulose fibers 
such as cotton and hemp; chemical fibers such as nylon and polyester; animal fibers such as wool and silk; semisyn- 
thetic fibers such as rayon; and any fabric and blend thereof. 

?5 In the case where the fiber-treating agent of the present invention is used in the scouring process, it is preferable 

that the maleic acid-based copolymer of the present invention is combined with alkali agents and surfactants. In the 
bleaching process, it is preferable that the maleic acid-based copolymer of the present invention is combined with 
peroxides and with silicic acid-based chemicals such as sodium silicate as decomposition inhibitors for alkaline bleach- 
ers. 

20 The maleic acid-based copolymer of the present invention has the following abilities (which are important for 

strengthening the washing power of detergent compositions): the calcium-ion capturability and the clay-dispersibility 
are superior, the gelatability is low, and these abilities are well balanced. Accordingly, this copolymer can display, as 
a constituent of detergent compositions, the well balanced and superior abilities to both mud dirt and oil dirt. 

The maleic acid-based copolymer of the present invention further has the following abilities (which are important 

25 for strengthen the washing power of detergent compositions): the calcium-ion stabilization degree constant and the 
level of adsorption to clay are optimal and the gelatability is low. Accordingly, this copolymer can display, as a constituent 
of detergent compositions, the superior abilities to mud dirt. 

In the productbn process of the present invention, if the ratio of the maleic acid (salt) is large when charged for 
polymerization, or if the concentration of the maleic acid (salt) is high at the initiation of the reaction, the conversion of 

30 the maleic acid (salt) becomes high in the initial stage of polymerization, and the calcium-ion capturability and the 
calcium-ion stabilization degree constant also become high. In addition, if sodium persulfate is further used as the 
water-soluble polymerization initiator, the calcium- ion capturability and the calcium-ion stabilization degree constant 
also become high, because the copolymerizability of the maleic acid increases. 

In addition, if the water-soluble ethylenically unsaturated monomer is added in such a short time that the reaction 

35 does not uncontrollably progress; then, with respect to the resulting maleic acid-based copolymer, the molecular weight 
distribution is narrowed, the clay-dispersibility is enhanced, the level of adsorption to clay is optimized, and the gelat- 
ability is lowered. 

Furthermore, if the adding of hydrogen peroxide is completed earlier than the adding of the water-soluble ethyl- 
enically unsaturated monomer, the amount of hydrogen peroxide remaining in the reaction liquid at completion of the 

40 polymerization can be reduced to the least, a polymer having a narrow molecular weight distribution can be obtained 
and its gelatability decreases. The reason for this is considered as follows: maleic acid is uniformly introduced into 
high molecular weight portions of the polymer, and the amount of low molecular weight polymerized products can be 
reduced, whereby the polymer having a narrow molecular weight distribution is formed. If the water-soluble ethylenically 
unsaturated monomer is added in such a short time that the reaction does not uncontrollably progress, the efficiency 

45 of the entire polymerization reaction can be raised. In addition, if the polyvalent metal ions are present in the polym- 
erization reaction system, the amount of residual maleic acid in the reaction liquid at completion of the polymerization 
is sufficiently reduced, the reaction efficiency becomes high, and the molecular weight distribution of the resulting 
maleic acid-based copolymer can be narrowed. 

The maleic acid-based copolymer of the present invention has the aforementioned superior abilities and only 

50 contains a small amount of residual initiators and a small amount of residual monomers. Accordingly, this copolymer 
is preferably used for detergent compositions, inorganic pigment-dispersing agents, water-treating agents and fiber- 
treating agents. 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 

Hereinafter, this invention is illustrated by the following examples of some preferred embodiments. However, this 
invention is not limited to the undermentioned examples. The units "%" and 'part(s)" denote "% by weight" and "part 
(s) by weight" respectively. In addition, the word "monomer(s)" denotes "maleic acid (salt(s))". 
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(EXAMPLE 1-1) 

Into a four-necked flask having a capacity of 1 liter and equipped with a thermometer, stirrer and reflux condenser 
were charged 1 96 parts of maleic anhydride (232 parts as maleic acid), 1 1 0.7 parts of deionized water and 333.3 parts 

5 of a 48 % aqueous sodium hydroxide solution. (A solid content of the resulting aqueous solution was 50 % in the initial 
stage of polymerization.) Then, while stirring, the aqueous solution was heated to its boiling temperature under normal 
pressure. Next, under stirring conditions, 75.5 parts (8.26 % by weight based on maleic acid (salt) (A)) of a 35 % 
aqueous hydrogen peroxide solution and 102.86 parts of a 60 % aqueous acrylic acid solution (maleic acid/acrylic acid 
= 7/3 mol ratio) were added dropwise continuously over a 1 20-minute period and over a 1 50-minute period respectively 

10 to complete a polymerization reaction (the monomer concentration was 50 % at initiation of the polymerization). 

The weight-average molecular weight of the resulting maleic acid-based copolymer (1 -1 ) and the amount of residual 
maleic acid were measured using gel permeation chromatography Their results are shown in Table 3. Herein, ASAHI 
Pack GFA-7MF, made by ASAHI KASEI Co., was used as the column, and a 0.5 % aqueous phosphoric acid solution 
was used as the eluent. 

15 A sodium polyacrylate standard sample, made by SOWA KAGAKU Co., was used as the standard sample for 

measuring the molecular weight. 

The polymer was added under the below-mentioned conditions into an aqueous calcium carbonate solution which 
had been prepared under the below-mentioned conditions. The resulting solution was stirred. Before and after this 
stirring, the calcium ion concentration in the aqueous calcium carbonate solution was measured by a calcium electrode 

20 (93-20), made by OLION Co., using an ion analyzer (EA920), made by OLION Co., to determine the amount of calcium 
ions, which were captured by the polymer, from the difference of the calcium ion concentrations before and after the 
stirring, wherein the amount of calcium ions was calculated as calcium carbonate in milligrams. The numerical value 
obtained was taken as the calcium ion-capturability of the polymer. 

25 Conditions for measuring calcium ion-capturability: 

Vessel: 100 cc beaker 

Solution: 50 cc of a 1.0X10 -3 mol/l Ca 2+ aqueous solution 
Polymer: 10 mg (calculated as a solid content) 
30 Temperature: 25 °C 

Stirring period: 10 minutes (using a stirrer) 

Clay was added into a polymer solution which had been prepared under the below-mentioned conditions. The 
resulting solution was stirred and then allowed to stand stationary. Then, the absorbancy of the solution was measured 
35 and its resulting numerical value was taken as the clay-dispersibility of the polymer. Larger numerical values mean 
higher clay-dispersibility. 

Conditions for measuring clay-dispersibility: 

40 Vessel: 100 cc measuring cylinder 

Polymer solution: 1 cc of a 0.5 % (calculated as a solid content) aqueous polymer solution + 100 g of supply water 
of Himeji-city, Japan 
Clay: 1 .0 g of Amazon clay 

Stirring period: 10 minutes (using a magnetic stirrer) Stationary standing period: 18 hours 
45 Measurement method: 10 cc of an uppermost portion of the solution in the measuring cylinder was sampled, its 

absorbancy (ABS) for 380 nm ultraviolet rays was measured using a 1 cm cell, and the obtained numerical value 
was taken as the clay-dispersibility. 

The polymer was added into and gelated in a CaC^ test solution which had been prepared under the below- 
50 mentioned conditions. Then, the absorbancy of the resulting solution was measured and the obtained numerical value 
was taken as the gelatability of the polymer. Larger numerical values mean higher gelatability. 

Conditions for measuring qetatability: 

ss Vessel: 500 cc tall beaker 

Polymer: 40 ppm (calculated as a solid content) based on the test solution 
Test solution: 400 g of a 400 ppm CaCfe solution 
Temperature: 50 °C 
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pH:8 

Stationary standing period: 1 hour 

Measurement method: the solution was stirred for 5 minutes using a stirrer, a portion of the solution was sampled, 
and its absorbancy (ABS) for 380 nm ultraviolet rays was measured using a 50 mm cell. 

5 

(EXAMPLE 1-2) 

The polymerization of Example 1 -1 was repeated except that the 35 % aqueous hydrogen peroxide solution was 
added dropwise over a 1 50-miriute period at a rate which was decreased gradually and linearly from 1 .5 to 0.1 cc/min. 
10 Then the same analyses as of Example 1 -1 were carried out. Results are shown in Table 3 (the monomer concentration 
was 50 % at initiation of the polymerization). 

(EXAMPLE 1-3) 

15 The polymerization of Example 1 -1 was repeated except that the 35 % aqueous hydrogen peroxide solution was 

added dropwise over a 150-minute period wherein 65.0 parts of the solution was added continuously over an initial 
60-minute period and then 10.5 parts of the solution was added continuously over a 90-minute period. Then the same 
analyses as of Example 1-1 were carried out. Results are shown in Table 3 (the monomer concentration was 50 % at 
initiation of the polymerization). 

20 

(EXAMPLE 1-4) 

The polymerization of Example 1 -1 was repeated except that 38.1 parts (2 g per 1 mol of the charged monomers) 
of a 15 % aqueous sodium persulfate solution was added dropwise continuously over a 100-minute period after 50 
25 minutes from initiation of the polymerization. Then the same analyses as of Example 1 -1 were carried out. Results are 
shown in Table 3 (the monomer concentration was 50 % at initiation of the polymerization). 

(EXAMPLES 1-5 TO 1-11) 

30 The polymerization of Example 1 -1 was repeated except that the water-soluble ethylenically unsaturated mono- 

mers (B), as described in Tables 1 , 2 and 4, were used in the amount, as described in the same Tables, instead of the 
60 % aqueous acrylic acid solution. Then the same analyses as of Example 1 -1 were carried out. Results are shown 
in Tables 3 and 6 (the monomer concentration was 50 % at initiation of the polymerization). 

35 (EXAMPLES 1 -1 2 TO 1 -1 4) 

The polymerization of Example 1-1 was repeated except that the 60 % aqueous acrylic acid solution was used as 
the water-soluble ethylenically unsaturated monomer (B) in such an amount as described in Table 4, and that 38.1 
parts of a 15 % aqueous sodium persulfate solution was added dropwise continuously over a 100-minute period after 
40 50 minutes from initiation of the polymerization. Then the same analyses as of Example 1 -1 were carried out. Results 
are shown in Table 6 (the monomer concentration was 50 % at initiation of the polymerization). 

(EXAMPLE 1-15) 

45 The polymerization of Example 1 -1 was repeated except that the amount of the 48 % aqueous sodium hydroxide 

solution was changed to 50 parts, and that 0.04 parts of ammonium ferrous sulfate hexahydrate was further charged 
into the flask. Then the same analyses as of Example 1 -1 were carried out. Results are shown in Table 6 (the monomer 
concentration was 68.7 % at initiation of the polymerization). 

50 (EXAMPLES 1 -1 6 TO 1 -1 9) 

The polymerization of Example 1-15 was repeated except that the amount of the 60 % aqueous acrylic acid solution 
and the amount used of hydrogen peroxide were those described in Tables 4 and 5. Then the same analyses as of 
Example 1-1 were carried out. Results are shown in Table 6 (the monomer concentration was 68.7 % at initiation of 
55 the polymerization). 
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(EXAMPLES 1-20) 

The polymerization of Example 1-1 was repeated except: that 45.7 parts (5.0 % by weight based on maleic acid 
(salt) (A)) of the 35 % aqueous hydrogen peroxide solution was added dropwise continuously over a 60-minute period 

5 from initiation of the polymerization; that 26.7 parts (1 g per 1 mol of the charged monomers) of a 1 5 % aqueous sodium 
persulfate solution was added dropwise continuously over a 90-minute period after 60 minutes from initiation of the 
polymerization; and that 180.3 parts of an 80 % aqueous acrylic acid solution (maleic acid/acrylic acid = 5/5 mol ratio) 
was added dropwise continuously over a 150-minute period instead of 102.86 parts of the 60 % aqueous acrylic acid 
solution. Then the same analyses as of Example 1-1 were carried out. Results are shown in Table 6 (the monomer 

10 concentration was 50 % at initiation of the polymerization). 

(EXAMPLES 1-21) 

The polymerization of Example 1-20 was repeated except: that the 35 % aqueous hydrogen peroxide solution was 
is added over an 80-minute period from initiation of the polymerization; and that the 15 % aqueous sodium persulfate 
solution was added oyer a 70-minute period after 80 minutes from initiation of the polymerization. Then the same 
analyses as of Example 1-1 were carried out. Results are shown in Table 6 (the monomer concentration was 50 % at 
initiation of the polymerization). 

20 (EXAMPLES 1-22) 

The polymerization of Example 1-20 was repeated except: that the added amount of the 35 % aqueous hydrogen 
peroxide solution was 57.1 parts (6.25 % by weight based on the monomers); that the added amount of the 15 % 
aqueous sodium persulfate solution was 33.3 parts (1.5 g per 1 mol of the charged monomers); and that the added 
25 amount of the 80 % aqueous acrylic acid solution was 120 parts (maleic acid/acrylic acid = 6/4 mol ratio). Then the 
same analyses as of Example 1 -1 were carried out. Results are shown in Table 6 (the monomer concentration was 50 
% at initiation of the polymerization). 

(EXAMPLES 1-23) 

30 

Low molecular weight contents were removed from the maleic acid-based copolymer (1-20), obtained in Example 
1 -20, using a dialyzing membrane having a differential molecular weight of 1 ,000 (SPECTRA-PORE 6 made by I EDA 
TRADING Co.), whereby a maleic acid-based copolymer (1 -23) was obtained. Then the same analyses as of Example 
1 -1 were carried out. Results are shown in Table 6. 

35 

Treating conditions: ion-exchanged water: 1 liter 

vessel: 1 liter beaker 
polymer 50 g 
treating period: 24 hours 

40 

(EXAMPLES 1 -24 and 1 -25) 

The maleic acid-based copolymers (1-21) and (1-22), obtained in Examples 1-21 and 1-22, were treated in the 
same way as of Example 1-23, whereby maleic acid-based copolymers (1-24) and (1-25) were obtained. Then the 
45 same analyses as of Example 1-1 were carried out. Results are shown in Table 6. 
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so (EXAMPLE 2-1) 

Into a four-necked flask having a capacity of 1 liter and equipped with a thermometer, stirrer and reflux condenser 
were charged 1 96 parts of maleic anhydride (232 parts as maleic acid), 11 0.7 parts of deionized water and 333.3 parts 
of a 48 % aqueous sodium hydroxide solution. (A solid content of the resulting aqueous solution was 50 % in the initial 
55 stage of polymerization.) Then, while stirring, the aqueous solution was heated to its boiling temperature under normal 
pressure. Next, under stirring conditions, 

75.5 parts (8.26 % by weight based on maleic acid (salt) (A)) of a 35 % aqueous hydrogen peroxide solution was 
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added dropwise continuously over a 60-minute period from initiation of polymerization; 

1 02.86 parts of a 60 % aqueous acrylic acid solution (maleic acid/acrylic acid = 7/3 mol ratio) was added dropwise 
continuously over a 150-minute period from initiation of polymerization; and 

38. 1 parts of a 1 5 % aqueous sodium persulfate solution was added dropwise continuously over a 90 -minute period 
5 after 60 minutes from initiation of polymerization, 

whereby a polymerization reaction was completed (the monomer concentration was 50 % at initiation of the po- 
lymerization). 

The weight-average molecular weight of the resulting maleic acid-based copolymer (2-1) and the amount of residual 
10 maleic acid were measured using gel permeation chromatography in the same way as of Example 1-1 . Ttieir results 
are shown in Table 9. 

The constant of the degree to which a maleic acid-based copolymer contained in a detergent composition of the 
present invention stabilizes calcium ions is defined as the numerical value obtained by substituting in the formula 1 a 
numerical value obtained under the below-mentioned measurement conditions. 

15 

(1) Calcium ion solutions having concentrations of 0.002 mol/L, 0.003 mol/L and 0.004 mol/L respectively were 
prepared (using CaCy and 50 g of each solution was charged into a 100 cc beaker; 

(2) 50 mg (calculated as a solid content) of a maleic acid-based copolymer was added; 

(3) the pH was adjusted to 10; 

20 (4) 0.15 g of NaCI was added as a stabilizer for a calcium ion electrode; and 

(5) the concentration of free calcium ions was measured using the calcium ion electrode. 

When the concentration of free calcium ions is denoted by [Ca], the concentration of fixed calcium ions by [CaS], 
free chelate sites by [S], the number of chelate sites by [SO], and the stabilization degree constant by Log K; then [Ga] 
2S [SJ/[CaS]=1/K and [S]=[S0]-[CaS]. Accordingly, [Ca]/[CaS]=1/[S0] • [Ca]+1/[S0] - K. 

Thus, [Ca]/[CaS] was plotted on the vertical axis and [Ca] was plotted on the horizontal axis to determine [SO], K 
and Log K from the slope and intercept. 

The level of adsorption to clay particles of a maleic acid-based copolymer contained in a detergent composition 
of the present invention is defined as the numerical value calculated from a value measured by the below-mentioned 
30 measurement method. 

Conditions for measuring the level of adsorption to clay particles : 

Vessel: 100 cc measuring cylinder 
35 Polymer solution: 1 cc of a 0.5 % (calculated as a solid content) aqueous polymer solution + 100 g of supply water 

of Himeji-city, Japan 
Clay: 1 .0 g of Amazon clay 

Stirring period: 10 minutes (using a magnetic stirrer) 
Stationary standing period: 18 hours 
40 Measurement method: 10 cc of an uppermost portion of the solution in the measuring cylinder was sampled, the 

supernatant was filtrated, and the level of adsorption was measured using the forementioned gel permeation chro- 
matography. 

The above-mentioned measurement was repeated under the above-mentioned measured value and conditions 
45 except that no clay was used, whereby the level of adsorption to clay particles was calculated according to the following 
formula. 

Level of adsorption to clay particles = (polymer peak 

so 

area in the case where clay was added)/(polymer peak area in 
a clay-free system) X 100 (%) 

55 When the level is within the range of 40 to 60 %, it is very optimal. 

When the level is within the range of 30 to 70 %, it is optimal. 
When the level is within the range of 20 to 90 % t it is suitable. 

When the level is within the range of 90 to 95 % or within the range of 10 to 20 %, but excluding 90 % and 20 %, 
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it is unsuitable. 

When the level is higher than 95 % or lower than 10 %, it is very unsuitable. 
(EXAMPLE 2-2) 

5 

The polymerization of Example 2-1 was repeated except that the 35 % aqueous hydrogen peroxide solution was 
added dropwise over a 1 50-minute period at a rate which was decreased gradually and linearly from 1 .5 to 0.1 cc/min. 
Then the same analyses as of Example 2-1 were carried out. Results are shown in Table 9 (the monomer concentration 
was 50 % at initiation of the polymerization). 

10 

(EXAMPLE 2-3) 

The polymerization of Example 2-1 was repeated except that the 35 % aqueous hydrogen peroxide solution was 
added dropwise over a 1 50-minute period wherein 65.0 parts of the solution was added continuously over an initial 
is 60-minute period and then 10.5 parts of the solution was added continuously over a 90-minute period. Then the same 
analyses as of Example 2-1 were carried out. Results are shown in Table 9 (the monomer concentration was 50 % at 
initiation of the polymerization). 

(EXAMPLE 2-4) 

20 

The polymerization of Example 2-1 was repeated except that 360 parts was used instead of 102.86 parts of the 
60 % aqueous acrylic acid solution. Then the same analyses as of Example 2-1 were carried out. Results are shown 
in Table 9 (the monomer concentration was 50 % at initiation of the polymerization). 

25 (EXAMPLES 2-5 TO 2-11) 

The polymerization of Example 2-1 was repeated except that the water-soluble ethylenically unsaturated mono- 
mers (B), as described in Tables 7, 8 and 10, were used in the amount, as described in the same Tables, instead of 
the 60 % aqueous acrylic acid solution. Then the same analyses as of Example 2-1 were carried out. Results are 
30 shown in Tables 9 and 1 2 (the monomer concentration was 50 % at initiation of the polymerization). 

(EXAMPLES 2-12 TO 2-14) 

The polymerization of Example 2-1 was repeated except that the 60 % aqueous acrylic acid solution was used as 
as the water-soluble ethylenically unsaturated monomer (B) in such an amount as described in Table 10, and that 38.1 
parts of a 15 % aqueous sodium persulfate solution was added dropwise continuously over a 100-minute period after 
50 minutes from initiation of the polymerization. Then the same analyses as of Example 2-1 were carried out. Results 
are shown in Table 12 (the monomer concentration was 50 % at initiation of the polymerization). 

40 (EXAMPLE 2-15) 

The polymerization of Example 2-1 was repeated except that the amount of the 48 % aqueous sodium hydroxide 
solution was changed to 50 parts, and that 0.04 parts of ammonium ferrous sulfate hexahydrate was further charged 
into the flask. Then the same analyses as of Example 2-1 were carried out. Results are shown in Table 1 2 (the monomer 
45 concentration was 68.7 % at initiation of the polymerization). 

(EXAMPLES 2-16 TO 2-19) 

The polymerization of Example 2-15 was repeated except that the amount of the 60 % aqueous acrylic acid solution 
50 and the amount used of hydrogen peroxide were those described in Tables 10 and 1 1 . Then the same analyses as of 
Example 2-1 were carried out. Results are shown in Table 12 (the monomer concentration was 68.7 % at initiation of 
the polymerization). 

(EXAMPLES 2-20) 

55 

The polymerization of Example 2-1 was repeated except: that 45.7 parts (5.0 % by weight based on maleic acid 
(salt) (A)) of the 35 % aqueous hydrogen peroxide solution was added dropwise continuously over a 60-minute period 
from initiation of the polymerization; that 26.7 parts (1 g per 1 mol of the charged monomers) of a 1 5 % aqueous sodium 
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persulfate solution was added dropwise continuously over a 90-minute period after 60 minutes from initiation of the 
polymerization; and that 420.7 parts of an 80 % aqueous acrylic acid solution (maleic acid/acrylic acid = 5/5 mol ratio) 
was added dropwise continuously over a 150-minute period instead of 102.86 parts of the 60 % aqueous acrylic acid 
solution. Then the same analyses as of Example 2-1 were carried out. Results are shown in Table 12 (the monomer 
concentration was 50 % at initiation of the polymerization). 

(EXAMPLES 2-21) 

The polymerization of Example 2-20 was repeated except: that the 35 % aqueous hydrogen peroxide solution was 
to added over an 80-minute period from initiation of the polymerization; that the 1 5 % aqueous sodium persulfate solution 
was added over a 70-minute period after 80 minutes from initiation of the polymerization; and that the amount of the 
80 % aqueous acrylic acid solution was changed to 270.5 parts. Then the same analyses as of Example 2-1 were 
carried out. Results are shown in Table 12 (the monomer concentration was 50 % at initiation of the polymerization). 

is (EXAMPLES 2-22) 

The polymerization of Example 2-20 was repeated except: that the added amount of the 35 % aqueous hydrogen 
peroxide solution was 57.1 parts (6.25 % by weight based on the monomers); that the added amount of the 15 % 
aqueous sodium persulfate solution was 33.3 parts (1.5 g per 1 mol of the charged monomers); and that the added 
20 amount of the 80 % aqueous acrylic acid solution was 220.4 parts (maleic acid/acrylic acid = 6/4 mol ratio). Then the 
same analyses as of Example 2-1 were carried out. Results are shown in Table 12 (the monomer concentration was 
50 % at initiation of the polymerization). 

(EXAMPLES 2-23) 

Low molecular weight contents were removed from the maleic acid-based copolymer (2-20), obtained in Example 
2-20, using a dialyzing membrane having a differential molecular weight of 1 ,000 (SPECTRA-PORE 6 made by I EDA 
TRADING Co.), whereby a maleic acid-based copolymer (2-23) was obtained. Then the same analyses as of Example 
2-1 were carried out. Results are shown in Table 12. 

Treating conditions: ion-exchanged water: 1 liter 

vessel: 1 liter beaker 
polymer: 50 g 
treating period: 24 hours 

(EXAMPLES 2-24 and 2-25) 

The maleic acid-based copolymers (2-21) and (2-22), obtained in Examples 2-21 and 2-22, were treated in the 
same way as of Example 2-23, whereby maleic acid-based copolymers (2-24) and (2-25) were obtained. Then the 
40 same analyses as of Example 2-1 were carried out. Results are shown in Table 1 2. 
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40 (COMPARATIVE EXAMPLES 1-1 AND 1 -2 (influence of the amount of hydrogen peroxide)) 

The polymerization of Example 1-1 was repeated except that the used amount of the 35 % aqueous hydrogen 
peroxide solution was as described in Table 1 3. Then the same analyses as of Example 1 -1 and Example 2-1 were 
carried out. Results are shown in Table 14 (the monomer concentration was 50 % at initiation of the polymerization). 

45 

(COMPARATIVE EXAMPLE 1 -3) 

The polymerization of Example 1 -1 was repeated except that the amount of the 60 % aqueous acrylic acid solution 
was 7,760 parts, and that 5,000 parts of deionized water and 887.7 parts (2 g per 1 mol of the charged monomers) of 
so a 1 5 % aqueous sodium persulfate solution were further added dropwise continuously over a 1 50-minute period. Then 
the same analyses as of Comparative Example 1-1 were carried out. Results are shown in Table 14 (the monomer 
concentration was 50 % at initiation of the polymerization). 

(COMPARATIVE EXAMPLE 1-4) 

55 

The polymerization of Example 1 -1 was repeated except that the amount of the 60 % aqueous acrylic acid solution 
was as described in Table 13. Then the same analyses as of Comparative Example 1-1 were carried out. Results are 
shown in Table 14 (the monomer concentration was 50 % at initiation of the polymerization). 
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(COMPARATIVE EXAMPLE 1-5) 

The polymerization of Example 1-1 was repeated except that the used amount of the deionized water was 537.4 
parts. Then the same analyses as of Comparative Example 1-1 were carried out. Results are shown in Table 14 (the 
monomer concentration was 30 % at initiation of the polymerization). 

(COMPARATIVE EXAMPLE 1-6) 

The polymerization of Example 1-1 was repeated except that the used amount of maleic anhydride was 117.6 
parts (139.2 parts as maleic acid), and that 78.4 parts of maleic anhydride (92.8 parts as maleic acid) was added 
continuously over a 1 20-minute period from initiation of the polymerization. Then the same analyses as of Comparative 
Example 1-1 were carried out. Results are shown in Table 14 (the monomer concentration was 45.6 % at initiation of 
the polymerization). 

(COMPARATIVE EXAMPLE 1-7) 

The polymerization of Example 1-1 was repeated except that the period over which each of the 35 % aqueous 
hydrogen peroxide solution and the 60 % aqueous acrylic acid solution was added was 20 minutes. Then the same 
analyses as of Comparative Example 1 -1 were carried out. Results are shown in Table 14 (the monomer concentration 
was 50 % at initiation of the polymerization). 

(COMPARATIVE EXAMPLE I^B) 

The polymerization of Example 1-1 was repeated except that the period over which each of the 35 % aqueous 
hydrogen peroxide solution and the 60 % aqueous acrylic acid solution was added was 600 minutes. Then the same 
analyses as of Comparative Example 1 -1 were carried out. Results are shown in Table 14 (the monomer concentration 
was 50 % at initiation of the polymerization). 
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o 

CO. 


45.6 X 


X 

o 

lO 


Others: 
initi- 
ator 


1 


1 


1 


35 X 
aq. 

H 2°2 
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on 
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75.5 
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(9.0 
X) 
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parts 
(9.0 
X) 
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parts 
(9.0 
X) 


48 X NaOH 
charged 

initially 
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( neut ra 1 - 
ization 

degree X) 
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parts 
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parts 
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(A)/ 
(B) 
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ratio) 
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*1 
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*1 
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*1 
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Comp. 
maleic 
acid- 
based 
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mer 


(1-5) 
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(1-7) 


Comp. 
Exam- 
ple 


1 


CO 

1 


1 
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10 
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20 



25 



30 
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50 
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CO 



C 

O 
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Note 


1 


Dropp- 
ing 

period 
of 
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H 2°2 
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utes) 


600 
minutes 


Dropp- 
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period 
of 
(B) 

(mi n- 
utes) 
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at 
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tion of 
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o 

LO 
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X) 
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*1 
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(EXAMPLES 3-1 TO 3-25) 

The below-mentioned washing performance test was carried out to evaluate abilities as detergent compositions 
of maleic acid-based copolymers (1-1) to (1-25). 

Artificial grime shown in Table 15 was dispersed into carbon tetrachloride to prepare an artificial grime solution, 
and white cotton cloth was passed through the artificial grime solution, dried and cut to make 1 0 cm x 1 0 cm dirty cloth. 

The detergent composition shown in Table 16 was formulated to wash the dirty cloth under the conditions shown 
in Table 17. After the washing, the cloth was dried and then its reflectivity was measured. 

The washed ratio of the dirty cloth was determined from its reflectivity using the following formula: 



40 



45 



SO 



55 



washed ratio = (reflectivity after washing - 
reflectivity before washing)/(reflectivrty of white 
cloth - reflectivity before washing) x 100 

to evaluate the washing performance. Results are shown in Table 18. 

(COMPARATIVE EXAMPLES 3-1 TO 3-8) 

The washed ratios were measured using the comparative maleic acid-based copolymers (1 -1 ) to (1 -8) in the same 
way as of Examples 3-1 to 3-25. Results are shown in Table 19. 

TABLE 15 



(Composition of grime) 


Components 


% by weight 


Carbon black (designated by JAPAN OIL CHEMISTS SOCIETY) 


0.5 
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TABLE 15 (continued) 






(Composition of grime) 




Components 


% by weight 


5 


Clay 


49.75 




Myristylic acid 


8.3 


10 








Oleic acid 






Tristearic acid 


8.3 


15 


Triolein 


8.3 




Cholesterin 


4.38 




Cholesterin stearate 


1.09 


20 








Paraffin wax (m.p. 50-52°C) 


0.552 




Squalene 


0.552 


25 








TABLE 16 






(Detergent composition) 


30 


Components 


% by weight 




Sodium salt of linear chain alkylbenzenesulfonic acid (C=11.5) 


20 




Polyoxyethylene alkyl ether (C=12, E0=8) 


15 


35 








Zeolite 


20 




Enzyme (protease) 


0.5 


40 


Maleic acid-based polymer 


20 




Sodium carbonate 


15 


45 


#1 Sodium silicate 


9.5 



TABLE 17 



Washing conditions 


Temperature 


20°C 


Bath ratio 


1/60 


Detergent concentration 


0.5% 


Water quality 


Tap water 
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TABLE 17 (continued) 

Washing conditions 
Terg-O-Tometer | 10 minutes 

(Footnote) 

Terg-O-Tometer: made by Ueshima Seisakusho Co., Ltd. 



TABLE 18 



10 


(Evaluation as detergent composition) 




Example 


Maleic acid-based copolymer 


Washed ratb (%) 




3-1 


(1-1) 


95 


15 


3-2 


(1-2) 


93 




3-3 


(1-3) 


96 




3-4 


(1-4) 


94 




3-5 


(1-5) 


95 


20 


3-6 


(1-6) 


95 




3-7 


(1-7) 


92 




3-8 


(1-8) 


93 


25 


3-9 


(1-9) 


94 




3-10 


(1-10) 


91 




3-11 


(1-11) 


94 




3-12 


(1-12) 


94 


30 


3-13 


(1-13) 


91 




3-14 


(1-14) 


93 




3-15 


(1-15) 


95 


35 


3-16 


(1-16) 


96 


3-17 


(1-17) 


95 




3-18 


(1-18) 


96 




3-19 


(1-19) 


93 


40 


3-20 


(1-20) 


99 




3-21 


(1-21) 


97 




3-22 


(1-22) 


98 


45 


3-23 


(1-23) 


100 


3-24 


(1-24) 


98 




3-25 


(1-25) 


97 



TABLE 19 
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(Evaluation as detergent composition) 


Comparative Example 


Comparative maleic acid-based copolymer 


Washed ratio (%) 


3-1 


(1-1) 


87 


3-2 


(1-2) 


83 


3-3 


(1*3) 


82 
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TABLE 19 (continued) 



(Evaluation as detergent composition) 


Comparative Example 


Comparative maleic acid-based copolymer 


Washed ratio (%) 


3-4 


(1-4) 


84 


3-5 


(1-5) 


85 


3-6 


(1-6) 


84 


3-7 


(1-7) 


87 


3-8 


(1-8) 


81 



(EXAMPLES 4-1 TO 4-25) 

The below-mentioned washing performance test was carried out to evaluate abilities as detergent compositions 
of maleic acid-based copolymers (2-1) to (2-25). 

Artificial grime shown in Table 15 was dispersed into carbon tetrachloride to prepare an artificial grime solution, 
and white cotton cloth was passed through the artificial grime solution, dried and cut to make 10 cm X 10 cm dirty cloth. 

The detergent composition shown in Table 16 was formulated to wash the dirty cloth under the conditions shown 
in Table 20. After the washing, the cloth was dried and then its reflectivity was measured. 

The washed ratio of the dirty cloth was determined from its reflectivity using the following formula: 

washed ratio = (reflectivity after washing - 
reflectivity before washing)/(reflectivity of white 
cloth - reflectivity before washing) X 100 

to evaluate the washing performance. Results are shown in Table 21 . 

(COMPARATIVE EXAMPLES 4-1 TO 4-8) 

The washed ratios were measured using the comparative maleic acid-based copolymers (1 -1 ) to (1 -8) in the same 
way as of Examples 4-1 to 4-25. Results are shown in Table 22. 



TABLE 2 0 



Washing conditions 


Temperature 


20 o C 


Bath ratio 


1/60 


Detergent concentration 


0.5% 


Water quality 


Tap water 


Terg-0-Tometer 


10 minutes 


Amount of washing water 


500 cc 


Clay (red earth) 


3g 


(Footnote) 

Terg-0-Tometer: made by Ueshima Seisakusho Co., Ltd. 
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TABLE 21 





(Evaluation as detergent composition) 


5 


Example 


Maleic acid-based copolymer 


Washed ratio (%) 




4-1 


(2-1) 


94 




4-2 


(2-2) 


94 




4-3 


(2-3) 


95 


10 


4-4 


(2-4) 


97 




4-5 


(2-5) 


94 




4-6 


(2-6) 


95 


15 


4-7 


(2-7) 


91 




4^8 


(2-8) 


91 




4-9 


(2-9) 


90 




4-10 


(2-10) 


93 


20 


4-11 


(2-11) 


i94 




4-12 


(2-12) 


96 




4-13 


(2-13) 


95 


25 


4-14 


(2-14) 


92 




4-15 


(2-15) 


92 




4-16 


(2-16) 


95 


30 


4-17 


(2-17) 


94 


4-18 


(2-18) 


95 




4-19 


(2-19) 


94 




4-20 


(2-20) 


97 


35 


4-21 


(2-21) 


96 




4-22 


(2-22) 


98 




4-23 


(2-23) 


98 


40 


4-24 


(2-24) 


97 


4-25 


(2-25) 


97 



TABLE 22 



55 



(Evaluation as detergent composition) 


Comparative Example 


Comparative maleic acid-based copolymer 


Washed ratio (%) 


4-1 


(1-1) 


84 


4-2 


(1-2) 


81 


4-3 


(1-3) 


80 


4-4 


(1-4) 


82 


4-5 


(1-5) 


82 


4-6 


(1-6) 


81 


4-7 


(1-7) 


85 
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TABLE 22 (continued) 



(Evaluation as detergent composition) 


Comparative Example 


Comparative maleic acid-based copolymer 


Washed ratio (%) 


4-8 


(1-8) 


78 



(EXAMPLES 5-1 TO 5-22) (performance as water-treating agents) 

to To evaluate performance of the maleic acid-based copolymers (1 -1 ) to (1 -22) as water-treating agents, the following 

scale-inhibitability test was carried out. 

Into a glass bottle having a capacity of 225 ml was charged 170 g of water, and into this water were mixed 10 g 
of a 1 .56 % aqueous solution of calcium chloride dihydrate and 3 g of a 0.02 % aqueous solution of each maleic acid 
polymer sample (3 ppm based on the resulting supersaturated aqueous solution). Moreover, 10 g of an aqueous sodium 

75 hydrogen carbonate solution and 7 g of sodium chloride were added to form 200 g of a supersaturated aqueous solution 
of calcium carbonate having a concentration of 530 ppm. This supersaturated aqueous solution was sealed and heated 
at 70° C for 8 hours. After cooling, precipitates was filtrated by a 0.1 u/n membrane filter and the filtrate was analyzed 
according toJIS K0101. 

The calcium carbonate scale-inhibiting ratios (%) were determined from the following formula. Their results are 
20 shown in Table 23. 



Scale-inhibiting ratio (%) = (C-B)/(A-B)X 100 

2s where: 

A is a concentration (%) of calcium which was dissolved in the solution before the test; 
B is a concentration (%) of calcium in the filtrate to which no scale inhibitor was added; and 
C is a concentration (%) of calcium in the filtrate after the test. 

30 

(COMPARATIVE EXAMPLES 5-1 TO 5-8) 

The calcium carbonate scale-inhibiting ratios (%) were measured using the comparative maleic acid-based copol- 
ymers (1-1) to (1-8) in the same way as of Examples 5-1 to 5-22. Their results are shown in Table 24. 

35 

TABLE 23 



(Performance as water-treating agents) 


Example 


Maleic acid-based copolymer 


Scale inhibiting ratio (%) 


5-1 


(1-1) 


78 


5-2 


(1-2) 


75 


5-3 


(1-3) 


72 


5-4 


(1-4) 


75 


5-5 


(1-5) 


77 


5-6 


(1-6) 


76 


5-7 


(1-7) 


70 


5-8 


(1-8) 


75 


5-9 


(1-9) 


79 


5-10 


(1-10) 


75 


5-11 


(1-11) 


73 


5-12 


(1-12) 


72 


5-13 


(1-13) 


78 
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TABLE 23 (continued) 



(Performance as water-treating agents) 


Example. 


Maleic acid-based copolymer 


Scale inhibiting ratio (%) 


5-14 


(1-14) 


71 


5-15 


(1-15) 


74 


5-16 


(1-16) 


75 


5-17 


(1-17) 


73 


5-18 


(1-18) 


79 


5-19 


(1-19) 


78 


5-20 


(1-20) 


73 


5-21 


(1-21) 


71 


5-22 


(1-22) 


74 



TABLE 24 



(Performance as water-treating agents) 


Comparative Example 


Comparative maleic acid-based copolymer 


Scale inhibiting ratio (%) 


5-1 


(1-1) 


63 


5-2 


(1-2) 


58 


5-3 


(1-3) 


62 


5-4 


(1-4) 


60 


5-5 


(1-5) 


62 


5-6 


(1^6) 


63 


5-7 


(1-7) 


61 


5-8 


(1-8) 


59 



(EXAMPLES 5-23 TO 5-44) (evaluation as fiber-treating agents) 

To evaluate performance of the maleic acid-based copolymers (1 -1 ) to (1-22) as fiber-treating agents, the following 
fiber-bleaching test was carried out. 

The maleic acid-based copolymers were used in an amount of 2 g/l as fiber-treating agents to bleach plain stitch- 
knitted, scoured cotton fabrics under the following conditions. Results thereof are shown in Table 25. 

(Bleaching conditions): 

Hardness of water used: 35 • DH 
Bath ratio: 1 :25 
Temperature: 85°C 
Period: 30 minutes 
Chemicals used: 

Hydrogen peroxide: 1 0 g/l 
Sodium hydroxide: 2 g/l 
#3 Sodium silicate: 5 g/l 

(Evaluation): 

The feeling of the treated cloth was judged by a sensory examination method. 
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The degree of whiteness was measured using a 3M color computer SM-3 model, made by SUGA TEST MACHINE 
Co., to determine the degree of whiteness (W) from the tollowing whiteness degree formula in a Lab system for eval- 
uation. 

5 2 2 2 1/2 

W= 100-[(100-l_r+a +b ] 

where: 

10 L is a lightness measured; 

a is a chromatic index measured; and 
b is a chromatic index measured. 

The sewability was evaluated by the number of places where base yarn of the cloth was broken in the case where 
is 4 sheets of the cloth were placed upon each other to sew them by 30 cm using a needle #11 S by a main sewing 
machine, but using no sewing yam. 

(COMPARATIVE EXAMPLES 5-9 TO 5-16) 

20 The fiber-bleaching test was carried out using the comparative maleic acid-based copolymers (1 -1 ) to (1 -8) in the 

same way as of Examples 5-23 to 5-44. Their results are shown in Table 26. 



TABLE 25 



25 . 


(Evaluation as fiber-treating agents) 


Example 


Maleic acid-based 
copolymer 


Feeling * 


Degree of whiteness (W 
value) 


Sewability (number of base 
yam-broken places) 




5-23 


(1-1) 


O 


94.5 


37 


30 


5-24 


(1-2) 


O 


94.1 


38 




5-25 


(1-3) 


O 


93.3 


36 




5-26 


(1-4) 


O 


94.2 


39 




5-27 


(1-5) 


O 


94.1 


38 


35 


5-28 


(1-6) 


O 


93.8 


40 




5-29 


(1-7) 


O 


93.2 


39 




5-30 


(1-8) 


O 


93.0 


37 


40 


5-31 


(1-9) 


O 


93.5 


38 




5-32 


(1-10) 


O 


93.1 


37 




5-33 


(1-11) 


O 


94.1 


39 




5-34 


0-12) 


O 


94.0 


41 


45 


5-35 


(1-13) 


O 


93.3 


40 




5-36 


(1-14) 


O 


95.0 


38 




5-37 


(1-15) 


O 


94.8 


37 


50 


5-38 


(1-16) 


O 


94.3 


39 




5-39 


(1-17) 


O 


94.0 


40 




5-40 


(1-18) 


O 


94.5 


38 




5-41 


(1-19) 


o 


93.8 


37 


55 


5-42 


(1-20) 


o 


94.3 


39 




5-43 


(1-21) 


o 


94.8 


40 
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TABLE 25 (continued) 



(Evaluation as fiber-treating agents) 



Example 



Maleic acid-based 
copolymer 



Feeling * 



Degree of whiteness (W 
value) 



Sewability (number of base 
yam-broken places) 



5-44 



(1-22) 



94.5 



38 



10 



* Feeling: soft O 
somewhat hard A 
considerably hard X 



TABLE 26 



(Evaluation as fiber-treating agents) 


Comparative Example 


Comparative maleic 
acid-based copolymer 


Feeling * 


Degree of whiteness (W 
value) 


Sewability (number of 
base yam-broken 
places) 


5-9 


(1-1) 


A 


87.1 


78 


5-10 


(1-2) 


X 


86.5 


86 


5-11 


(1-3) 


A 


87.3 


68 


5-12 


(1-4) 


X 


85.8 


81 


5-13 


(1-5) 


A 


88.1 


83 


5-14 


(1-6) 


A 


87.4 


79 


5-15 


(1-7) 


X 


87.0 


63 


5-16 


(1-8) 


A 


86.9 


84 


* Feeling: soft O 
somewhat hard A 
considerably hard x 



(EXAMPLES 5-45 TO 5-54) (evaluation as inorganic pigment-dispersing agents) 

To evaluate performance of the maleic acid-based copolymers (1-1) to (1-10) as inorganic pigment-dispersing 
agents, the following test was carried out 

Into a beaker (material quality: SUS 304, inner diameter: 90 mm, height: 1 60 mm) having a capacity of 1 liter was 
placed 400 parts of filter press-dehydrated cake (solid content: 65.3 %) of calcite type cubic light calcium carbonate 
(primary particle diameter: 0.15 ujn) and to this were added 3.26 parts of a 40 % aqueous solution of the maleic acid- 
based copolymer as a dispersing agent (the water-soluble polymer in an amount of 0.5 % based on the weight of the 
calcium carbonate) and 6.9 parts of water for adjusting a solid content to mix the materials by kneading at a low speed 
for 3 minutes using a dissolver stirring wing (50 mm Then, dispersing was carried out at 3,000 rpm for 10 minutes 
to obtain a water dispersion having a solid content of 64 %. The viscosity of the water dispersion was measured using 
a B type viscometer at 25°C just after dispersing and after standing at room temperature for 1 week, whereby a test 
of the stability over a period of time was carried out. Results of the measurement are shown in Table 27. 



so 



(COMPARATIVE EXAMPLES 5-17 TO 5-24) 

The stability of water dispersions over a period of time was tested using the comparative maleic acid-based co- 
polymers (1 -1 ) to (1 -8) in the same way as of Examples 5-45 to 5-54. Results of the measu rement are shown in Table 28. 
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TABLE 27 



(Evaluation as inorganic pigment-dispersing agents) 


Example 


Maleic acid-based copolymer 


Viscosity of water dispersion (cP) 


Just after dispersing 


After standing at room temperature for 1 week 


5-45 


(1-1) 


320 


390 


5-46 


(1-2) 


310 


380 


5-47 


(1-3) 


370 


410 


5-48 


(1-4) 


350 


390 


5-49 


(1-5) 


380 


410 


5-50 


(1-6) 


360 


400 


5-51 


(1-7) 


420 


430 


5-52 


(1-8) 


410 


450 


5-53 


(1-9) 


430 


470 


5-54 


(1-10) 


350 


390 


(Footnote): 

The viscosity was measured at 25°C using a B type viscometer. 
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TABLE 28 



(Evaluation as inorganic pigment-dispersing agents) 


Comparative Example 


Comparative maleic acid- 
based copolymer 


Viscosity of water dispersion (cP) 


Just after dispersing 


After standing at room 
temperature for 1 week 


5-17 


(1-1) 


1480 


1820 


5-18 


(1-2) 


1020 


1530 


5-19 


(1-3) 


980 


1200 


5-20 


(1-4) 


8000 


*1 


5-21 


(1-5) 


2800 


3800 


5-22 


(1-6) 


1280 


1800 


5-23 


(1-7) 


2300 


2900 


5-24 


(1-8) 


1310 


2000 


(Footnote): 

The viscosity was measured at 25°C using a B type viscometer. 
*1: Measurement was impossible. 



INDUSTRIAL APPLICATION 

Since the maleic acid-based copolymer relating to one aspect of the present invention has a high calcium ion- 
capturability, a good clay-dispersibility and a low gelatability, the copolymer contributes toward strengthening the wash- 
ing power of detergent compositions. The detergent composition containing this copolymer has high washing power 
and displays balanced abilities to both mud dirt and oil dirt. 

In addition, since the maleic acid-based copolymer relating to another aspect of the present invention has a calcium 
ion-stabilization degree constant within the optimal range, a good level of adsorption to clay and a low gelatability, the 
copolymer contributes toward strengthening the washing power of detergent compositions. The detergent composition 
containing this copolymer displays high washing power particularly to mud dirt. 
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According to the production process of the present invention, the amount of residual monomers and hydrogen 
peroxide at completion of polymerization is small and the productivity is high. In addition, since the resulting maleic 
acid-based copolymer has a high calcium ion-capturability, a calcium ion-stabilization degree constant within the op- 
timal range, a good clay-dispersibility, a good level of adsorption to clay and a low gelatability, this copolymer is pref- 
erably used for detergent compositions, inorganic pigment-dispersing agents, water-treating agents and fiber-treating 
agents. 

The detergent composition of the present invention has high washing power and, particularly, is preferably used 
for clothes. In addition, this composition is effective for inhibiting the yellowing of fibers due to the presence of a slight 
amount of metals such as iron ions and zinc ions existing in washing liquids. 

The inorganic pigment-dispersing agent of the present invention is used as the dispersing agent for inorganic 
pigments, such as heavy or light calcium carbonate and clay used for paper coating, and has a low viscosity, a high 
fluidity, and a good stability of these properties over a period of time. 

The water-treating agent of the present invention is useful for inhibiting formation of scale in systems such as 
cooling water-circulating systems, boiler water-circulating systems, seawater desalination plants, pulp digestors and 
black liquor evaporators. 

The fiber-treating agent of the present invention can be used in fiber-treating processes, such as scouring, dyeing, 
bleaching and soaping. The fibers for which the fiber-treating agent of the present invention can be used are, for 
example, cellulose fibers, such as cotton and hemp; chemical fibers, such as nylon and polyester; animal fibers, such 
as wool and silk; semisynthetic fibers such as rayon; and any fabric and blend thereof. 



Claims 

1. A maleic acid-based copolymer which has a weight-average molecular weight of 1 ,000 to 100,000, a calcium ion- 
capturability 300 mg CaCO^g or higher calculated as calcium carbonate, and a clay-dispersibility of 1 .2 or higher. 

2. A maleic acid-based copolymer as in claim 1 , wherein said weight-average molecular weight is in the range of 
3,000 to 15,000, said calcium ion-capturability is 350 mg CaCO^g or higher, and said clay-dispersibility is 1.4 or 
higher. 

3. A maleic acid-based copolymer as in claim 1 or 2, wherein said calcium ion-capturability is 400 mg CaCO^g or 
higher and said clay-dispersibility is 1 .4 or higher. 

4. A maleic acid-based copolymer as in any one of claims 1 to 3, wherein said calcium ion-capturability is 450 mg 
CaCOyg or higher and said clay-dispersibilty is 1 .5 or higher. 

5. A maleic acid-based copolymer as in any one of claims 1 to 4, which further has a gelability of 0.2 or lower. 

6. A detergent composition which comprises: 

a maleic acid-based copolymer having a weight-average molecular weight of 1,000 to 100,000, a calcium 
ion-capturability of 300 mg CaCO^g or higher calculated as calcium carbonate, and a clay-dispersibility of 1 .2 or 
higher; and a surfactant. 

7. A detergent composition as in claim 6, wherein: 

the combined amount of said maleic acid-based copolymer is 0.1 to 20% by weight of the total of said detergent 
composition; and 

the combined amount of said surfactant is 5 to 70% by weight of the total of said detergent composition. 

8. A detergent composition as in claims 6 or 7, wherein: 

said weight-average molecular weight of said maleic acid-based copolymer is within the range of 3,000-1 5,000; 
said calcium ion-capturability of said maleic acid-based copolymer is 350 mg CaCQj/g or higher; 
said clay-dispersibility of said moleaic acid-based copolymer is 1.4 or higher; 
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the combined amount of said maleic acid-based copolymer is 0.5 to 1 5% by weight of the total of said detergent 
composition; and 

the combined amount of said surfactant is 20 to 60% by weight of the total of said detergent composition. 

A detergent composition as in any one of claims 6 to 8, wherein said maleic acid-based copolymer further has a 
gelatability of 0.2 or lower. 
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